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Abstract
Context — The increase in the proportion of older adults (OAs)
across the globe creates new challenges and opportunities. Technology
in the context of smartphone applications has the potential to alleviate
some problems of OAs, for example, social isolation and healthcare.
Problem — The long-term up take of smartphone applications by
OAs is low or unclear. To make smartphone applications useful for
older adults, they should address physical and cognitive decline is-
sues that differentiate this group of the population. It appears that
developers of smartphone applications for OAs are not cognisant of
their specific needs. The limited guidance provided by the current sci-
entific literature to develop usable and accessible smartphone applica-
tions lack empirical derivation, validation and reflection on mainstream
apps. Existing guidelines are piecemeal, confusing, contradictory, obso-
lete, incomplete and lack clarity in structure, classification and proper
specification. Improvements in reporting format, characterisation and
validation might improve adoption of these guidelines and reflection on
apps for OAs. There is a need for Usability and Accessibility guide-
lines for industry, because most of the smartphone applications for OAs
developed by them are ignoring these aspects.
Objective — The aim of this research is to uncover the needs of OAs,
transform them into a set of recommendations and make them available
and actionable for developers. This objective is achieved by answering
the key research question (RQ) “What do developers of smartphone
applications for older adults need to do to make their applications
usable and accessible for their target population?”
Methods — To address the key RQ, I took a mixed method approach.
The first phase involved conducting a literature review on smartphone
application development for OAs. In the second phase, I conducted an
empirical study with a sample of 235 OAs with mixed levels of tech-
nical experience. As part of this phase I developed a proof of concept
application. In the third phase, I conducted a further data collec-
tion based on observation of OAs’ interaction with their smartphones,
and on-line forum analysis. To analyse the data, I utilised thematic
analysis, descriptive and inferential statistics. Each phase yielded an
augmented set of recommendations. The derived themes and recom-
mendations were evaluated through conducting inter–rater reliability
tests. In phase four, I transformed these recommendations into design
patterns.
Results — An initial set of 150 recommendations were derived and
synthesized into 66 recommendations for Usability and Accessibility of
smartphone applications for OAs. Two key types of recommendations
(“Useful” and “Valuable”) for Usability of smartphone applications ap-
peared to be overlooked in the literature. The initial set of recommen-
dations was augmented with the expectations of technically proficient
(tech-savvy) older adults. These combined recommendations form the
basis for the design patterns, which I named ReDEAP (Recommenda-
tions for the Development of Smartphone Applications for the Ageing
Population). The set of 44 extracted design patterns is the primary
contribution to knowledge.
Conclusions — This research produced an empirically derived and
evaluated set of recommendations for the design of smartphone ap-
plications for OAs. The recommendations have a level of objectivity
achieved through conducting inter-rater reliability tests with external
researchers. ReDEAP also addresses the problem identified in the lit-
erature, that industry needs to take notice of the specific Usability and
Accessibility needs of OAs, when designing smartphone applications
for this section of the population.
Declaration
I herewith declare that I have produced this thesis without the prohib-
ited assistance of third parties and without making use of aids other
than those specified; notions taken over directly or indirectly from other
sources have been identified as such. This thesis has not previously
been presented in identical or similar form to any other Irish or foreign
examination board.
The thesis work was conducted from March 2016 to 2020 under the
supervision of Dr Sarah Beecham and Prof. Ita Richardson at the
University of Limerick.
Bilal Ahmad Limerick, 2020
Acknowledgements
I wish to express my sincere appreciation for my supervisors, Prof. Ita
Richardson and Dr Sarah Beecham. Both of my supervisors were a real
source of encouragement and motivation during the whole work of the
thesis from March 2016 to March 2020. They convincingly guided and
encouraged me to be professional and do the right thing even when the
road got tough. Without their patience and persistent help, the goal
of this research and associated project would not have been realized. I
am also grateful to my internal examiner Dr Anila Mjeda and external
examiner Prof Aurora Vizcaino. I would also like to thank my annual
examiners Dr. Nikola Nikolov, Dr Gabriella Avram and Dr Norah
Power. Their feedback has helped me improve the direction of my
research and thesis.
Moreover, I am also grateful to industrial partners of this research
with whom I worked at IBM in Dublin, Simon McLoughlin, Gary N
Thompson, Anna Carrigan, Gavin Shorten, Jason Lloyd, Faisal Ghaf-
far, James Flynn. I am also thankful to my colleagues at Lero, Ab-
dur Razzak, Raja Manzar Abbas, Abdul Razzaq, Yahya Albalawi and
Muneef Alshammari for thought provoking discussions during breaks,
lunch sessions and group meetings. I would also like to highlight my
appreciation for Lero administration staff, who were there whenever I
needed anything, Dara O’Connor, Louise Connolly, Edel Collins, Ger-
ard Mulligan, Denise Hogan.
Without all of your support and help, this research and thesis would
not have been possible. Go raibh mile maith agaibh !
This work was supported, in part, by Science Foundation Ireland grant
no. 13/RC/2094, IBM and Ireland Smart Ageing Exchange.
First and foremost, I would like to dedicate this thesis to Almighty
Allah, thank you for paving the way towards this opportunity,
guidance, strength, perseverance, power of mind, skills and for giving
me healthy life to achieve this great objective of my life. Secondly, to
my beloved Prophet Muhammad (P.B.U.H) whose prayers 14
centuries ago are keeping me and all of us as a humanity intact.
This thesis is also dedicated in loving memory of my father Fazal
Hussain who had this vision, as I am a mere vehicle to make it a
reality. He was the seed, and I am only one of the flower of his plant
reaping all the appreciation. He has always re-directed me to the
right path and helped me make decisions by keeping the big picture
in mind. And To my mother, whose prayers in silence have made
this journey look so easy.
Last, but not the least, to my wonderful siblings, great teachers,
friends and family members who shared their words of advice, had
faith in me and encouraged me to complete this study.
And finally, to my sole sincere mentor, NS, due to whom I was able
to connect all these dots ...
GLOSSARY
Abbreviations
• OAs - Older Adults
• SNSs - Social Network Systems
• ReDEAP - Recommendations for Developing Smartphone Applications for an
Ageing Population
• CSO - Central Statistics Office
• TILDA - The Irish Longitudinal Study on Ageing
• W3C - World Wide Web
• SLR - Systematic Literature Review
• ICT - Information and Communications Technology
• UI - User Interface
• IRR - Inter-rater Reliability
• K - Cohen Kappa
• POUR - Perceiveable, Operable, Understandable, Robust
• WAI - Web Accessibility Initiative
• SS - Start Set
• R - References
• C - Citations
• SUS - System Usability Scale
• GUI - Graphical User Interface
• CUI - Conversational User Interface
• TA - Think Aloud
iii
Contents
List of Tables x
List of Figures xii
1 Introduction 1
1.1 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Problem Statement . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.3 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.4 Research Goals, Questions and Method . . . . . . . . . . . . . . . . 6
1.4.1 Research Method . . . . . . . . . . . . . . . . . . . . . . . . 8
1.5 Contributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.6 Research Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
1.7 Thesis Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2 Background 11
2.1 Ageing and Associated Problems . . . . . . . . . . . . . . . . . . . 11
2.2 Distinguishable Characteristics of Older Adults . . . . . . . . . . . 12
2.3 Importance of Ageing and Technology Research . . . . . . . . . . . 13
2.4 Technology for Older Adults . . . . . . . . . . . . . . . . . . . . . . 14
2.4.1 Trends in Academic Research Settings . . . . . . . . . . . . 15
2.4.1.1 Websites . . . . . . . . . . . . . . . . . . . . . . . . 15
2.4.1.2 Wearables . . . . . . . . . . . . . . . . . . . . . . . 17
2.4.1.3 Virtual and Augmented Reality . . . . . . . . . . . 17
2.4.1.4 Mobile Applications . . . . . . . . . . . . . . . . . 18
2.4.2 Trends in Industrial Settings . . . . . . . . . . . . . . . . . . 18
iv
CONTENTS
2.5 Mobile Phones/Applications for Older Adults . . . . . . . . . . . . 19
2.5.1 Types of Mobile Phones (Feature vs Smartphone) . . . . . . 21
2.5.2 Mobile Applications for Older Adults (Academic) . . . . . . 21
2.5.3 Mobile Applications for Older Adults (App Stores) . . . . . 26
2.5.4 Barriers and Motivators towards Usage of Mobile Phones
and Associated Applications by Older Adults . . . . . . . . 27
2.6 Recommendations for Developing Mobile Apps for Older Adults . . 28
2.6.1 Standard Guidelines . . . . . . . . . . . . . . . . . . . . . . 29
2.6.2 Research Derived Guidelines . . . . . . . . . . . . . . . . . . 29
2.6.3 Problems with Existing Guidelines . . . . . . . . . . . . . . 32
2.6.3.1 Research Gap . . . . . . . . . . . . . . . . . . . . . 33
2.6.3.2 Research Objective and Questions . . . . . . . . . 33
2.7 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
3 Research Design 37
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
3.2 Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
3.3 Inter-rater Reliability . . . . . . . . . . . . . . . . . . . . . . . . . . 41
3.3.1 Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
3.3.2 Choosing Cohen’s Kappa . . . . . . . . . . . . . . . . . . . . 42
3.3.3 Interpretation of Cohen’s Kappa . . . . . . . . . . . . . . . . 43
3.4 Research Phases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
3.4.1 Phase 1 - Literature Reviews . . . . . . . . . . . . . . . . . . 44
3.4.1.1 Domain Specific Literature Review . . . . . . . . . 45
3.4.1.2 General Review of Literature . . . . . . . . . . . . 45
3.4.2 Phase 2 - Prototype Development . . . . . . . . . . . . . . . 46
3.4.2.1 Data Collection Methods . . . . . . . . . . . . . . 47
3.4.2.2 Data Analysis Strategy . . . . . . . . . . . . . . . 48
3.4.2.3 Data Presentation Tools . . . . . . . . . . . . . . . 51
3.4.2.4 Develop and Test Prototype . . . . . . . . . . . . . 52
3.4.3 Phase 3 - Understanding Users . . . . . . . . . . . . . . . . 55
3.4.3.1 Data Collection Methods . . . . . . . . . . . . . . 56
3.4.3.2 Data Analysis Strategy . . . . . . . . . . . . . . . 59
v
CONTENTS
3.4.4 Phase 4 - Transform to Design Patterns . . . . . . . . . . . 59
3.5 Philosophical Perspectives of Research Paradigms . . . . . . . . . . 61
3.5.1 Positivism . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
3.5.2 Interpretivism . . . . . . . . . . . . . . . . . . . . . . . . . . 62
3.5.3 Pragmatism . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
3.5.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
3.6 Ethical Considerations . . . . . . . . . . . . . . . . . . . . . . . . . 64
3.7 Summary and Discussion . . . . . . . . . . . . . . . . . . . . . . . . 65
4 Phase 1 - Literature Reviews 66
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
4.2 Domain Specific Literature Review . . . . . . . . . . . . . . . . . . 67
4.3 General Review of Literature . . . . . . . . . . . . . . . . . . . . . . 69
4.4 Evaluation of ReDEAP using Inter-rater Reliability . . . . . . . . . 74
4.5 ReDEAP Version 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
4.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
5 Research Innovation 80
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
5.2 Phase 2 - Prototype Development . . . . . . . . . . . . . . . . . . . 80
5.2.1 Interviews . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
5.2.1.1 Barriers to Adoption of Technology . . . . . . . . . 82
5.2.1.2 Potential Motivators to Adoption of Technology . . 86
5.2.1.3 Attitude towards Technology . . . . . . . . . . . . 88
5.2.2 Surveys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
5.2.3 Preliminary ReDEAP . . . . . . . . . . . . . . . . . . . . . . 96
5.2.4 Design Thinking . . . . . . . . . . . . . . . . . . . . . . . . 97
5.2.5 Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
5.2.6 Prioritised ReDEAP . . . . . . . . . . . . . . . . . . . . . . 100
5.2.7 Develop Initial Prototype . . . . . . . . . . . . . . . . . . . 102
5.2.8 Evaluation of Prototype . . . . . . . . . . . . . . . . . . . . 103
5.2.9 Develop Updated Prototype . . . . . . . . . . . . . . . . . . 109
5.2.10 Validated ReDEAP . . . . . . . . . . . . . . . . . . . . . . . 112
vi
CONTENTS
5.2.11 Evaluation of ReDEAP Extracted through Phase 2 using
Inter-rater Reliability . . . . . . . . . . . . . . . . . . . . . . 115
5.2.12 ReDEAP Version 2 . . . . . . . . . . . . . . . . . . . . . . . 116
5.3 Phase 3 - Understanding Users . . . . . . . . . . . . . . . . . . . . . 116
5.3.1 Think Aloud Protocol . . . . . . . . . . . . . . . . . . . . . 118
5.3.2 Digital Content Extraction . . . . . . . . . . . . . . . . . . . 119
5.3.3 Qualitative Data Analysis . . . . . . . . . . . . . . . . . . . 121
5.3.4 Consolidated ReDEAP . . . . . . . . . . . . . . . . . . . . . 126
5.3.5 Evaluation of ReDEAP Extracted through Phase 3 using
Inter-rater Reliability . . . . . . . . . . . . . . . . . . . . . . 128
5.3.6 ReDEAP Version 3 . . . . . . . . . . . . . . . . . . . . . . . 129
5.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
6 Phase 4 - Transform to Design Patterns 131
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
6.2 Usability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
6.2.1 Usable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
6.2.2 Desirable . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136
6.2.3 Findable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
6.2.4 Accessible . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144
6.2.5 Credible . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
6.2.6 Useful . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
6.2.7 Valuable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
6.3 Accessibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
6.3.1 Perceiveable . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
6.3.2 Operable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
6.3.3 Understandable . . . . . . . . . . . . . . . . . . . . . . . . . 166
6.3.4 Robust . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170
6.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
6.4.1 Barriers preventing Smartphone Usage by Older Adults . . . 175
6.4.2 Motivators towards Smartphone Usage by Older Adults . . . 176
6.4.3 Current Practice of Older Adults in the Context of Smart-
phones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
vii
CONTENTS
6.4.4 Expectations of Tech-savvy and Non-tech Savvy Older Adults
from Smartphones . . . . . . . . . . . . . . . . . . . . . . . 182
6.4.5 Actionable and Evaluated Recommendations . . . . . . . . . 185
6.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186
7 Conclusion and Future Directions 188
7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188
7.2 Limitations and Threats to Validity . . . . . . . . . . . . . . . . . . 190
7.2.1 Construct Validity . . . . . . . . . . . . . . . . . . . . . . . 190
7.2.2 External Validity . . . . . . . . . . . . . . . . . . . . . . . . 191
7.2.3 Internal Validity . . . . . . . . . . . . . . . . . . . . . . . . 192
7.2.4 Reliability . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
7.3 Contribution to Research . . . . . . . . . . . . . . . . . . . . . . . . 193
7.4 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195
References 199
A Protocol for Systematic Literature Review 229
B Protocol for Semi-Structured Interviews 230
C Protocol for Survey 238
D Protocol for System Usability Study 239
E Protocol for Evaluation of Mainstream Apps for Older Adults 241
F Raw Preliminary ReDEAP 273
G Modeling 279
H Golden Jubilants Prototype Version 1 300
I Golden Jubilants Prototype Version 2 306




K Raw Recommendations Extracted from Think Aloud Protocol
and Digital Content Extraction 318
ix
List of Tables
2.1 Pros and Cons of Mobile Applications for Older Adults . . . . . . . 25
2.2 Difference Between Research Artefacts . . . . . . . . . . . . . . . . 31
3.1 Sampling Techniques used during this Research . . . . . . . . . . . 38
3.2 Structure of ReDEAP Design Patterns . . . . . . . . . . . . . . . . 60
4.1 Synthesized Recommendations Extracted from Literature Review . 71
4.2 Cohen Kappa for ReDEAP Version 1 – Two Iterations of Coding . 77
5.1 Demographic Breakdown of Interviews Participants . . . . . . . . . 83
5.2 Demographic Breakdown of Survey Participants . . . . . . . . . . . 91
5.3 Raw, Synthesized and Distinct Guidelines, Count and Examples -
Preliminary ReDEAP . . . . . . . . . . . . . . . . . . . . . . . . . . 96
5.4 Demographic Breakdown of Design Thinking Participants . . . . . . 98
5.5 Prioritised ReDEAP . . . . . . . . . . . . . . . . . . . . . . . . . . 100
5.6 Demographic Breakdown of Usability Study Participants . . . . . . 105
5.7 Cronbach’s Alpha for SUS Questionnaire . . . . . . . . . . . . . . . 105
5.8 Correlation of demographic parameters with SUS scores - from per-
centile rank . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
5.9 Validated ReDEAP . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
5.10 Synthesized Recommendations Extracted through Prototype Devel-
opment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
5.11 Cohen Kappa for ReDEAP Version 2 . . . . . . . . . . . . . . . . . 116
5.12 Demographic Breakdown of Think Aloud Sessions Participants . . . 118
x
LIST OF TABLES
5.13 Synthesized Recommendations Extracted from Think Aloud Proto-
col and Digital Content Extraction . . . . . . . . . . . . . . . . . . 127
5.14 Cohen Kappa for ReDEAP Version 3 . . . . . . . . . . . . . . . . . 129
6.45 Comparison between Tech-savvy and Non-tech savvy Older Adults
Expectations from Smartphone Applications . . . . . . . . . . . . . 182
E.1 Inclusion and Exclusion Criteria for Selection of Apps . . . . . . . . 243
E.2 Accepted Apps for Older Adults . . . . . . . . . . . . . . . . . . . . 244
E.3 Classification and Details of Selected Apps . . . . . . . . . . . . . . 263
F.1 Preliminary ReDEAP . . . . . . . . . . . . . . . . . . . . . . . . . . 273
G.1 Use Case 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281
G.2 Use Case 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281
G.3 Use Case 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 282
G.4 Use Case 4 - Add Volunteer Opportunity . . . . . . . . . . . . . . . 282
G.5 Use Case 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
G.6 Use Case 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
G.7 Use Case 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
G.8 Use Case 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284
G.9 Use Case 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284
J.1 Raw Recommendations Extracted through Prototype Development 310
K.1 Raw Recommendations Extracted from Think Aloud Protocol and
Digital Content Extraction . . . . . . . . . . . . . . . . . . . . . . . 318
xi
List of Figures
1.1 Rise in Ageing Population in Ireland during 21st Century (Central
Statistics Office Ireland 2017) . . . . . . . . . . . . . . . . . . . . . 2
1.2 Research Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.1 Types of Mobile Applications for Older Adults . . . . . . . . . . . . 22
2.2 Taxonomies of Research Derived Guidelines . . . . . . . . . . . . . 30
3.1 Research Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
3.2 Phase 1 - Literature Reviews . . . . . . . . . . . . . . . . . . . . . . 46
3.3 Phase 2 - Prototype Development . . . . . . . . . . . . . . . . . . . 47
3.4 Example Close Ended Question in Survey . . . . . . . . . . . . . . 49
3.5 Example SUS Questions . . . . . . . . . . . . . . . . . . . . . . . . 53
3.6 Phase 3 - Understanding Users . . . . . . . . . . . . . . . . . . . . . 55
3.7 Think Aloud Process (Clemmensen et al. 2008) . . . . . . . . . . . 57
4.1 Research Process - Phase 1 . . . . . . . . . . . . . . . . . . . . . . . 67
4.2 User Experience Honeycomb (Morville 2013) . . . . . . . . . . . . . 75
4.3 ReDEAP Version 1 (showing subset of recommendations) . . . . . . 76
5.1 Research Process - Phase 2 and 3 . . . . . . . . . . . . . . . . . . . 81
5.2 Skills of Older Adults . . . . . . . . . . . . . . . . . . . . . . . . . . 89
5.3 Correlation of Residence with Mobile Phone Adoption . . . . . . . . 92
5.4 Correlation of Education with Mobile Phone Adoption . . . . . . . 92
5.5 Correlation of Living Arrangements with Mobile Phone Adoption . 93
5.6 Type of Mobile Phone Used by Older Adults . . . . . . . . . . . . . 93
xii
LIST OF FIGURES
5.7 Frequency of Top Mobile Phone Activities by Older Adults of Dif-
ferent Ages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
5.8 Percentage of Older Adults Using Wearables like Fitbit . . . . . . . 94
5.9 Feasibility Chart used During the Design Thinking Workshop . . . 98
5.10 Stakeholder Profiling . . . . . . . . . . . . . . . . . . . . . . . . . . 99
5.11 As-is and To-be Scenario . . . . . . . . . . . . . . . . . . . . . . . . 99
5.12 Volunteer Opportunity Details - GUI . . . . . . . . . . . . . . . . . 102
5.13 Architecture of Version 1 of Golden Jubilants Prototype . . . . . . 103
5.14 Measures of Central Tendency for SUS Results . . . . . . . . . . . . 106
5.15 Correlation between Gender and SUS Results (Percentile Rank) . . 107
5.16 Request Volunteer Opportunities CUI . . . . . . . . . . . . . . . . . 110
5.17 Architecture of Version 2 of Golden Jubilants Prototype Application 111
5.18 ReDEAP Version 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
5.19 ReDEAP Version 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
6.1 Research Process - Phase 4 . . . . . . . . . . . . . . . . . . . . . . . 132
6.2 Sub Goal 1.1. - Usable . . . . . . . . . . . . . . . . . . . . . . . . . 133
6.3 Sub Goal 1.2. - Desirable . . . . . . . . . . . . . . . . . . . . . . . . 137
6.4 Sub Goal 1.3. - Findable . . . . . . . . . . . . . . . . . . . . . . . . 141
6.5 Sub Goal 1.4. - Accessible . . . . . . . . . . . . . . . . . . . . . . . 144
6.6 Sub Goal 1.5. - Credible . . . . . . . . . . . . . . . . . . . . . . . . 148
6.7 Sub Goal 1.6. - Useful . . . . . . . . . . . . . . . . . . . . . . . . . 152
6.8 Sub Goal 1.7. - Valuable . . . . . . . . . . . . . . . . . . . . . . . . 156
6.9 Sub Goal 2.1. - Perceiveable . . . . . . . . . . . . . . . . . . . . . . 160
6.10 Sub Goal 2.2. - Operable . . . . . . . . . . . . . . . . . . . . . . . . 164
6.11 Sub Goal 2.3. - Understandable . . . . . . . . . . . . . . . . . . . . 167
6.12 Sub Goal 2.4. - Robust . . . . . . . . . . . . . . . . . . . . . . . . . 171
6.13 Three (3) New Barriers preventing Smartphone Usage by Older Adults176
6.14 Two (2) New Motivators towards Smartphone Learning and Usage
by Older Adults . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
6.15 Most Frequently Used Smartphone Functions by Older Adults (Bhutta
et al. 2017) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180
6.16 Association Between Education and ICT Use (Vroman et al. 2015) . 181
xiii
LIST OF FIGURES
6.17 Association Between ICT use and Marital Status (Vroman et al. 2015)181
6.18 Comparison between Existing and this Research’s Proposed Design
Patterns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
E.1 Selection Process of Apps . . . . . . . . . . . . . . . . . . . . . . . 242
E.2 Evaluation Process of Apps for Older Adults . . . . . . . . . . . . . 244
G.1 Golden Jubilants Prototype- Use Case Diagram . . . . . . . . . . . 280
G.2 Persona for Tech-savvy Older Adult . . . . . . . . . . . . . . . . . . 286
G.3 Persona for Non Tech-savvy Older Adult . . . . . . . . . . . . . . . 287
G.4 Persona for Designer . . . . . . . . . . . . . . . . . . . . . . . . . . 288
G.5 Persona for Retirement Village Manager . . . . . . . . . . . . . . . 289
G.6 Volunteer Services Receiver Pathway . . . . . . . . . . . . . . . . . 290
G.7 Volunteer Services Provider Pathway . . . . . . . . . . . . . . . . . 291
G.8 Information Seeker Pathway . . . . . . . . . . . . . . . . . . . . . . 292
G.9 Daily Organizer Pathway . . . . . . . . . . . . . . . . . . . . . . . . 293
G.10 Information Architecture of Golden Jubilants Prototype Part 1 . . . 294
G.11 Information Architecture of Golden Jubilants Prototype Part 2 . . . 294
G.12 Sketch for Registration Page . . . . . . . . . . . . . . . . . . . . . . 295
G.13 Home Page Wireframe . . . . . . . . . . . . . . . . . . . . . . . . . 296
G.14 User Registration Wireframe . . . . . . . . . . . . . . . . . . . . . . 296
G.15 To Do List Wireframe . . . . . . . . . . . . . . . . . . . . . . . . . 297
G.16 News Room Wireframe . . . . . . . . . . . . . . . . . . . . . . . . . 297
G.17 Friends Zone Wireframe . . . . . . . . . . . . . . . . . . . . . . . . 298
G.18 See Achievements Wireframe . . . . . . . . . . . . . . . . . . . . . . 298
G.19 Testimonials Wireframe . . . . . . . . . . . . . . . . . . . . . . . . 299
H.1 User Registration GUI - Part 1 . . . . . . . . . . . . . . . . . . . . 300
H.2 User Registration GUI - Part 2 . . . . . . . . . . . . . . . . . . . . 301
H.3 Login GUI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301
H.4 Home Page GUI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 302
H.5 See Achievements GUI . . . . . . . . . . . . . . . . . . . . . . . . . 302
H.6 Add Opportunities GUI . . . . . . . . . . . . . . . . . . . . . . . . 303
H.7 Contact Older Adults GUI . . . . . . . . . . . . . . . . . . . . . . . 303
xiv
LIST OF FIGURES
H.8 Testimonials GUI . . . . . . . . . . . . . . . . . . . . . . . . . . . . 304
H.9 News Room GUI . . . . . . . . . . . . . . . . . . . . . . . . . . . . 304
H.10 To Do List GUI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 305
I.1 Home Page CUI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 306
I.2 Request Permissions CUI . . . . . . . . . . . . . . . . . . . . . . . . 307
I.3 Request Data Access CUI . . . . . . . . . . . . . . . . . . . . . . . 307
I.4 Entertainment CUI . . . . . . . . . . . . . . . . . . . . . . . . . . . 308
I.5 Usage Analytics - Users CUI . . . . . . . . . . . . . . . . . . . . . . 308




“Older people sit down and ask, ‘What is it?’ but the boy
asks, ‘What can I do with it?’”
—Steve Jobs
1.1 Overview
The proportion of older adults (OAs) is increasing all across the world (United
Nations 2018), whether in Asia (Zhu et al. 2019), America (Vespa et al. 2018)
or Europe (Rechel et al. 2013) where every fifth individual is an OA (European
Commission 2018a). This situation is presenting challenges to countries within
health, long-term care and welfare systems for OAs (European Commission 2018b).
Ireland is no exception and has seen an increase of 19.1% in the population of
OAs since 2011, the largest increase of any age group. (Central Statistics Office
Ireland 2017). Moreover, a recent report by the Economic and Social Research
Institute (ESRI) in 2017 projected that by 2030, the population of Ireland aged
80 or above would increase by between 89% and 94%. The stacked bar chart
in Figure 1.1 shows the rise in ageing population in Ireland during 21
st
century
(Central Statistics Office Ireland 2017) across different segments.
There is no consensus on the exact age at which someone can be declared as an OA
(Fisk et al. 2009), but, according to a World Health Organisation report (World
1
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Figure 1.1: Rise in Ageing Population in Ireland during 21st Century (Central
Statistics Office Ireland 2017)
Health Organization 2016) about a project in the Sub-saharan region, 50 years is
considered as a general definition of an OA. Moreover, it is also widely accepted
that age cannot be easily represented as a nominal value (Fisk et al. 2009). In
addition, a successful large-scale longitudinal and nationally representative study
on ageing in Ireland called TILDA, The Irish Longitudinal Study on Ageing, con-
ducted at Trinity College Dublin (Barrett et al. 2011) has opted for a sample over
50 years old for their research. Therefore, my research adopted this definition and
has targeted those who are over 50 years old.
With ageing comes a lot of problems such as discrimination in the workplace (Nel-
son 2004), lack of access to resources (Glass et al. 2003), retirement leading to
loss of identity (Lim et al. 2011, Courtney et al. 2008), total change in routine
(Rejeski et al. 2012), more time and less money (Calvo et al. 2016), mental health
issues such as anxiety and depression (John et al. 2019), family members mov-
ing away (Shanas et al. 2017, Carr 2004, Lim et al. 2011) and decline in health
(Tennant et al. 2015). Nonetheless, the life of people over 50 has seen signifi-
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cant improvements in their standards of living, lifestyles and healthcare systems
(Shannon 2012). But on the flip side, if we examine the issues this age group
face, we quickly find considerable room for improvement. For example, the lives
of OAs can be enhanced by providing opportunities for active social engagement
(Mukherjee 2010, Doyle and Goldingay 2012) through volunteering (Fang et al.
2015, Bull et al. 2017), improved healthcare (Coughlin et al. 2007, Thielke et al.
2012), easy access to transportation (Everitt and Gfellner 1989, Van Cauwenberg
et al. 2012), banking (Arenas Gaitán et al. 2015, Choudrie et al. 2018), each of
which can improve their longevity and quality of life (Chou et al. 2013, Narkwilai
et al. 2015, Siegel and Dorner 2017).
Recent studies suggest that personal technology
1
has the potential to cope with
some of the challenges related to the ageing population such as social isolation
(Khosravi et al. 2016, Poscia et al. 2018, Barbosa Neves et al. 2019), physical
and psychological health (Theng et al. 2012, Fischer et al. 2014, Matthew-Maich
et al. 2016). A considerable amount of personal technologies for OAs are available,
but the rate of adoption appears low despite the potential benefits they intend to
provide (Lee and Coughlin 2015). Examples of such technologies include public
displays (Brunette et al. 2005, Lindley 2012), virtual reality (Schneider et al. 2003),
websites (Sudore et al. 2014) and smartphone applications (Fang et al. 2015, Bull
et al. 2017). Since, all technologies may require a different set of design require-
ments, I have scoped my research to smartphone applications only. Therefore, the
focus of this thesis will be only on one form of personal technology, smartphone
applications, because they appear to be frequently used by OAs (Berenguer et al.
2016). Also, they can help OAs by providing them access to digital services given
the portability, low-cost and controlled nature of many mobile platforms (Bull
et al. 2018).
1
Personal technology is used as a collective term to encapsulate technical systems and ap-
plications such as websites (Sudore et al. 2014), mobile apps (de Barros et al. 2014), wearables




Traditionally, personal technology does not differentiate older adults from the
wider population, which hinders them from fully utilizing its functions and services
(Bull et al. 2018, Wong et al. 2018). In order to develop technologies that older
adults are able to use, attending to Accessibility requirements for those experienc-
ing age related physical and cognitive decline is necessary (Wang 2018, Knowles
and Hanson 2018). This situation can be addressed through research-based devel-
opment with and for OAs, such as participatory or human-centred development
(Dodd et al. 2017), which should better consider recommendations for the age-
friendly design of user interfaces on mobile phones (Petrovčič, Rogelj and Dolničar
2018). This approach has led to a considerable research on devising guidelines (Al-
Razgan et al. 2012, Dı́az-Bossini and Moreno 2014) and checklists (Calak 2013,
Silva, Holden and Nii 2014, Mi et al. 2014) to develop interface design of mobile
phones for older adults (Petrovčič, Taipale, Rogelj and Dolničar 2018). But, most
of the existing guidelines deal with visual and haptic issues and rarely address
many elements associated with the textual interface. In addition, existing guide-
lines are rarely tested (Petrovčič, Taipale, Rogelj and Dolničar 2018, Al-Razgan
et al. 2012) and lack extensive empirical validation (de Barros et al. 2014).
Surprisingly, the guidelines for designing applications for OAs are not presented
to designers and developers in an accessible format (Leitão and Silva 2012) and
are sometimes merged in the discussion section of the papers (Dı́az-Bossini and
Moreno 2014, de Barros et al. 2014, Coelho and Duarte 2016). Furthermore, a
notable observation is the lack of solutions addressing cognitive issues in the do-
main of mobile user interfaces for OAs (Dodd et al. 2017), which advocates the
need for an inclusive and comprehensive guide to designing exemplars regarding
cognitive (Dodd et al. 2017) and other related issues like visual acuity as well (Al-
Razgan et al. 2012). Additional problems of existing guidelines are that they are
piecemeal, lack characterisation, not easily actionable (Nurgalieva et al. 2019), are
rarely validated, arguably unreliable and hard to understand given the conflicting
advice offered according to the many contexts covered. Improvements in report-
ing format, e.g. design patterns, characterisation, and validation might increase
adoption of and reflection on the apps (Nurgalieva et al. 2017 , Nurgalieva et al.
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2019, Luna-Garcia et al. 2015). Hence, one potential way for wider dissemination
and adoption is to create a design pattern library aimed towards practitioners and
pedagogical settings (Leitão and Silva 2012) for use and learning about how to
design smartphone applications for older adults.
To summarize, a few attempts have been made in this context by researchers,
resulting in a set of guidelines or checklists and are published in the relevant lit-
erature, but these are rarely validated extensively. There is a lack of explanation
on how to apply these recommendations or guidelines comprehensively. Similarly,
International standards like world wide web consortium (W3C 2019) have also
provided guidelines to develop accessible websites for older adults, but no spe-
cific guidelines for mobile applications for OAs have been proposed. Therefore,
my research fills this gap by providing a structured and an evaluated set of de-
sign patterns to support designers and developers when developing accessible and
usable smartphone applications for OAs.
1.3 Motivation
The growing population of OAs presents an opportunity and it has been antici-
pated that the next biggest technology market could be startups for older adults





, healthcare (Kopeć et al. 2018) and mobile games (de Lima Salgado
et al. 2019). Smartphone applications stand as a profitable market, being mostly
represented by independent startups striving to overcome their lack of experience
(de Lima Salgado et al. 2019). It is a very important area where a lot of these
problems need to be addressed using personal technology (Koch and Hägglund
2009). However, care should be taken whilst developing these personal technolo-
gies, because if they do not meet the needs of the older adult the effort put into
creating them is likely go unrewarded. To avoid this waste of resources, involve-
ment of older adults in different phases of development of personal technology such
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have been suggested to achieve this participation, such as User Centred Design
(Abras et al. 2004), Co-Design and Participatory Design (Muller 2007). These are
time consuming, resource intensive and require patience by developers who are ea-
ger to begin coding activities. In addition, ethical concerns need to be considered,
which is an additional liability.
In a fast paced industrial environment, smartphone application development life
cycle is short and swift (Rahimian and Ramsin 2008), which makes it difficult to in-
volve older adults at different phases to ask them about their particular needs and
expectations. Another motivation to develop smartphone applications for OAs is
recognizing that the area is in high demand particularly in the context of startups
(de Lima Salgado et al. 2019). Furthermore, the speed of smartphone application
release is key to commercial success (Gabriela 2018, Sutton 2000). Therefore, it
would be really helpful if an easy to use, concise and actionable library of rec-
ommendations is available to the practitioners, designers and developers, for the
design of smartphone applications for OAs. It is also believed that designers who
understand the general patterns of ageing can develop systems that OAs find easy
to use (Fisk et al. 2009). As discussed in the problem statement, this need arose
from the lack of empirical derivation, consumption, extensive validation and re-
flection of existing recommendations on mainstream smartphone applications for
OAs.
1.4 Research Goals, Questions and Method
The two inter-related goals of this research are:
• To systematically derive and validate recommendations for designing accessible
and usable smartphone applications for a diverse cohort of older adults.
• To present the recommendations to designers of smartphone applications for
older adults in an easy to use format.
Furthermore, the design and development of smartphone applications for older
adults requires systematic and frequent involvement of OAs to get their input.
There is a need to have a comprehensive list of recommendations to alleviate this
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problem and expedite the process. Therefore, I employed a mix of qualitative and
quantitative methods augmented with continuous involvement of OAs to produce
a collection of recommendations for designers.
Main Research Question - “What do developers of smartphone applications
for older adults need to do to make their applications usable and accessible for
their target population?”
RQ1- What are the barriers that prevent older adults from using smartphone
applications?
Rationale- To articulate and elaborate the key factors which older adults believe
are demotivating them towards technology use.
RQ2- What attracts older adults to use smartphone applications over time?
Rationale- To articulate and elaborate the key factors which older adults believe
are motivating them towards technology use.
RQ3- How are older adults using smartphones and the associated applications?
Rationale- To give a level of rigor to the findings, there is need to elucidate the
level to which smartphones have been used by older adults.
RQ4- What do tech-savvy and non-tech savvy older adults expect from smart-
phone applications?
Rationale- Previous research has shown the many different personas and asso-
ciated needs of users of technology (Wöckl et al. 2012, Gizaw et al. 2015, Sorgalla
et al. 2017). It is likely that the functional and non-functional requirements of OAs
who are tech-savvy and not tech-savvy will differ. There is a need to understand
the potential differences and commonalities and categorise the recommendations
accordingly.
RQ5- What are actionable and validated recommendations for software practi-
tioners to design and develop accessible and usable smartphone applications for
older adults?
Rationale- To produce a re-usable design support to aid practitioners in the




Figure 1.2 illustrates the research process used to achieve the goals and to answer
the research questions. The details of the research process are provided in Chapter
3 and the results of applying the method are presented in Chapter 4, 5 and 6.
Figure 1.2: Research Process
1.5 Contributions
The contribution of this research is empirical in nature. The primary outcome
is a qualitative model, ReDEAP, Recommendations for Developing Smartphone
Applications for an Ageing Population. It serves as a road-map on what to do to
achieve Accessibility and Usability in the smartphone applications developed for
OAs. The recommendations from ReDEAP aim to make it possible for software
developers to understand and implement the requirements that need to be ad-





This research began with reviewing and understanding the breadth of problems of
older adults and current offerings in the form of personal technology to solve them.
A mix of qualitative and quantitative empirical studies helped to scope it down
to smartphone applications and the recommendations to develop them. The niche
of this research is the transformation of the knowledge gathered into structural
guidelines and presented in ReDEAP.
1.7 Thesis Structure
Chapter 2: Background. This chapter begins with summarizing the area of
older adults and personal technology. It focuses on the web, mobile and desktop
technology for older adults and outlines the current offerings. The focus is then
narrowed down to smartphone applications for older adults and their pros and
cons in their lives. It concludes with acknowledging the presence of smartphone
applications and a set of heuristics, guidelines and checklists to develop them.
The chapter motivates the research question(s) and highlights a need for having an
empirically derived reusable set of design patterns for the designers and developers
of smartphone applications for older adults.
Chapter 3: Research Design. This chapter describes the research design of my
PhD. It answers ‘What’, ‘Why’ and ‘How’ about the selected research methods.
A section on inter-rater reliability is also provided to illustrate the reliability of
the outcome of each phase. It concludes with presenting the ethical considerations
and summary of the process.
Chapter 4: Phase 1 - Literature Review. This chapter describes how the first
version of the recommendations, ReDEAP Version 1, was developed and evaluated
using inter-rater reliability testing method. ReDEAP Version 1 is presented and
summarized.
Chapter 5: Research Innovation. This chapter presents the findings of re-
search phases 2 and 3 step by step and how one led to another. The artifacts




Chapter 6: Phase 4 - Transform to Design Patterns. This chapter elabo-
rates the design patterns. It also provides answers to the the research questions
and explains how they fill the gap in the existing body of knowledge. It also
presents a critical summary of the comparison between existing design patterns
in this domain and highlights the additional benefits that my proposed design
patterns are providing.
Chapter 7: Conclusion and Future Directions. This chapter provides the
concluding remarks regarding this research work. It also summarises limitations
and threats to validity of this research followed by the research contribution. It




“A problem well stated is a problem half solved.”
—Charles F. Kettering, Delco
2.1 Ageing and Associated Problems
The increase in life expectancy is a cause of celebration. It is a clear depiction
of success of medications and healthcare systems augmented with improvements
in the standards of living during the 20
th
century (Shannon 2012). However, in
general, ageing is portrayed as a symbol of decline, frailty, loss and dependency on
others (Brewer et al. 2016, Piper et al. 2017, Brewer and Piper 2017). The most
recurring problems highlighted in literature which older adults face are social iso-
lation, family concerns, housing crisis, financial issues, abuse, time management
issues, cognitive decline, sensory deficit, reduced mobility, and complex medical
conditions leading to dependency on multiple medications (Carr 2004, Lim et al.
2011, Shanas et al. 2017). Moreover, the increase in the number of older adults is
a multi-faceted problem, as it not only adversely impacts themselves, but society
as well by putting a burden on social, healthcare and pension systems (European
Commission 2018b). This can, in turn, significantly impact the future progress
and development of any country. It has been cited repeatedly in the scientific
literature that social isolation is a key precursor to most of these problems (Find-
lay 2003, Cornwell and Waite 2009, Pedell et al. 2010), which if solved has the
11
2.2 Distinguishable Characteristics of Older Adults
potential to improve the health and quality of life of older adults and reduce bur-
den on the support systems. One potential solution is to harness the potential
of technology. But, the feasibility of a technology driven solution requires a thor-
ough understanding of the key aspects that make older adults unique. Therefore,
Section 2.2 outlines the key characteristics of older adults that make them distinc-
tive from other age groups in terms of their general and technology needs. These
distinguishing characteristics motivated the empirical study with older adults, as
outlined in Section 2.3. Following that, Section 2.4 elaborates the current technol-
ogy offerings for the ageing population drawn from the related literature. Section
2.5 further scopes and reviews types of mobile phones and associated applications
for older adults. Finally, Section 2.6 presents a critical review of existing recom-
mendations to develop smartphone applications for older adults, highlighting the
the shortcomings and points towards the need for an extended set of empirically
derived and validated set of recommendations in a format designed for ease of use.
2.2 Distinguishable Characteristics of Older Adults
The following checklist is a synthesis of the related literature on characteristics
of older adults that distinguishes this segment of the population from other age
groups.
• The attitude of older adults towards new technology and innovation is critical
and mindful as opposed to the more accepting nature of many of the younger
adults (Heinz et al. 2013, Hill et al. 2015). Older adults are skeptical (Vaportzis
et al. 2017), fearful, anxious (Vroman et al. 2015) and have wrong perceptions
about technology (Fausset et al. 2013, Laguna and Babcock 1997).
• Older adults feel that they have less knowledge, exposure and confidence with
regards to technology in comparison with the younger adults (Marquié et al.
2002, Mann et al. 2005).
• Older adults perceive that there is no need of new technology in their lives
(Mann et al. 2005, Heinz et al. 2013).
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• Older adults should be given more time to learn new skills in general and tech-
nology in particular in comparison with younger adults (Broady et al. 2010).
• Retirement from full time work is also a factor that makes older adults unique
(Courtney et al. 2008, Lim et al. 2011).
• Older adults have more time and freedom to engage in the activities of their
own choice (Kremer and Harpaz 1982).
• Older adults have complex and changing relationship structures in comparison
to younger adults (Carr 2004, Lim et al. 2011, Shanas et al. 2017).
• Older adults have a higher likelihood of disabilities than younger adults e.g.
vision impairment (Brewer et al. 2016, Piper et al. 2017, Brewer and Piper
2017).
• Older adults have lifelong experiences and accumulated wisdom in comparison
with younger counterparts (Knowles and Hanson 2018).
It is obvious now that older adults have distinguishing characteristics which need
to be considered when developing systems. The significance of conducting research
with older adults to develop technology for them is elaborated in the next section.
2.3 Importance of Ageing and Technology Re-
search
The increase in the population of older adults across the globe is a key driver for
conducting research to gain a better understanding of their needs (Shannon 2012,
Farage et al. 2012 and NIHS 2016). Historically, older adults are underserved
by technological solutions (Wakefield 2015). In short, designing technology for
the specific needs of OAs, may also serve needs of others in the wider population
sharing similar characteristics (Farage et al. 2012, Righi et al. 2017). Therefore,
conducting research in the domain of technology for ageing population can have a
wide impact (Dodd et al. 2017), because OAs are not isolated cases, but a grow-
ing group. The age related declines and changing relationship (Carr 2004, Lim
13
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et al. 2011 and Shanas et al. 2017) structures of older adults (Mynatt and Rogers
2001) has lead to new methodologies, guidelines (Darvishy and Hutter 2017) and
frameworks (Lee and Coughlin 2015) such as how to design with the vulnerable
population (Dı́az-Bossini and Moreno 2014, Park et al. 2014). In summary, con-
ducting research in this domain can result in wider principles for accessible design.
There is also a need to take care of the heterogeneity and diversity of this age
group, which until recently is rarely considered (Bobeth et al. 2012). According
to (Mitzner et al. 2010), older adults are not interested in technology just for the
sake of innovation, but want real utility and tangible value. By keeping this prin-
ciple in mind, the research on ageing and technology can result in ground breaking
solutions. To conclude, the life experience of older adults contains valuable lessons
for designers, technologists and society at large (Coleman et al. 2010) which need
to be explored to develop sustainable technology for them.
2.4 Technology for Older Adults
The challenges posed by the ageing population also provide opportunities for tech-
nological innovation (BiSmart 2019). If technology is built with an awareness of
the needs and wants of older adults, it can improve their lives (Newell et al. 2007).
The ideal is a paradigm shift from reactive to proactive. This means that instead
of waiting for older adults to suffer from some sort of problem, current technology
needs to be exploited to predict potential problems that an older adult might face
(Slegers et al. 2009). Independent living and the ability to perform daily chores is
something to cherish, but reduced mobility can inhibit older adults from perform-
ing these simple tasks (Nelson et al. 2004). Some medical problems of older adults
can be catered for using connected health technologies (Harte et al. 2014), for ex-
ample, giving older adults reminders to take medication, online diagnosis and even
consultation with doctors (Grindrod et al. 2014). By wearing a device like a Fitbit
doctors can track the patterns of behaviour that lead to problems e.g. insulin
level, blood pressure, activity level (Paul et al. 2015). Moreover, technology can
also save older adults from becoming a victim of financial fraud (Alves and Wilson
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2008), which is common nowadays with this cohort
1
. Examples include fraud de-
tection systems and virtual wallets designed specifically for older adults (Starnes
1996). Social isolation and loneliness is another big problem that can be helped by
providing communication or social media apps, but these have their own inherent
tradeoffs (Chen and Schulz 2016, Coelho and Duarte 2016, Jung et al. 2017). The
important thing is that these technical solutions should be tailored for older adults
to enhance their Usability and Accessibility (Luna-Garcia et al. 2015). Easy to use
interfaces can help older adults integrate with these technologies (Spreicer 2011)
e.g. NoIsolation
2
. In short, as the technology is becoming inexpensive, we must
fully utilize its potential to solve the problems of older adults (Kohlbacher et al.
2015).
2.4.1 Trends in Academic Research Settings
The recurring types of technology for older adults mentioned in the academic
literature are websites, wearables, mobile phones, displays, virtual reality (VR)
and augmented reality (AR).
2.4.1.1 Websites
In order to improve the skills of older adults for accessing health related informa-
tion (Alpay et al. 2004), a website was developed after collecting their preferences
via interviews and focus groups. The evaluation results showed the website as
usable and learnable. Similarly, in 2014, a novel and an easy to use website
3
was
developed to get older adults involved in the decision making process for plan-
ning their own care (Sudore et al. 2014). A longitudinal study was underway to
assess the efficacy of this website and its effectiveness in a clinical trial. During
the same year in University College London (Patsoule and Koutsabasis 2014), a
tourism website was redesigned to make it senior friendly. This process was done
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adults which appeared to increase Usability and satisfaction level of older adults
(Patsoule and Koutsabasis 2014). It was also revealed that the process of redesign
was swift. Of note is that this study confirmed that web sites for older adults need
to be built on unique set of recommendations different to general guidelines, as
quoted here : “A considerable number of more general web design principles and
guidelines are not directly relevant to older adults”. The surprising aspect of this
set of recommendations was principle P4 comprised six guidelines. Five out of six
of these guidelines advocate assisting older adults when they ask for help whilst
using the system. Only one out of the six guidelines discusses helping elements
in the interface. It might not be possible to directly help older adults through
technical support or family members, therefore my research will focus on the help-
ing elements in the interface e.g. tutorials, rather than in-person help. A more
recent attempt was made in 2019 (Nguyen et al. 2019) in which a hospital website
was redesigned to make it friendly for older adults with cancer. The evaluation
of the new version of the website showed that it was usable by older adults. The
next step of this work was a formal evaluation via a randomized controlled trial.
Another way proposed to support older adults is to provide them with web inter-
action aids (de Lara et al. 2016). A survey with more than three hundred older
participants revealed improvements in the interaction of older adults and even the
younger adults, which supports the argument of universal Usability (de Lara et al.
2016). During 2014 in the USA, a study was done that analyzed 104 public li-
brary websites to understand whether they adhere to the senior friendly website
design guidelines (Charbonneau 2014). The results of this research revealed that
most public library websites are problematic and inaccessible for older adults. It
also advocates the need for considering key website design issues in order to make
online library websites accessible and usable for older adults (Charbonneau 2014).
Another recent attempt was to help elderly diabetic patients in making decisions
on insulin intake through a website (Lum et al. 2017) rather than relying on a
traditional paper based decision assistant. A multi faceted and iterative approach
was taken to understand the expectations of older adults from the website. These
expectations point towards focusing on ageing factors such as vision, cognition,
motor skills along with psychological factors to help OAs make informed decisions
whilst using such kind of websites. An example of a guideline which falls under the
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category of psychological factors is the use of non-persuasive language on the web-
site. The findings of this study can be used to make websites usable, acceptable
and accessible for older adults. According to (Haesner et al. 2015), websites are
helpful for several issues e.g. cognitive limitations of older adults. (Haesner et al.
2015) advise that flat website hierarchy is an essential ingredient for developing
senior friendly websites.
2.4.1.2 Wearables
Wearable technology is an emerging way to manage the health of older adults in
an habitual free-living environment (Godfrey 2017). Yet commercial wearables
have not provided accurate analytics, while research derived wearables fail to pro-
vide transparent functionality due to the limitations in the proprietary software
(Godfrey 2017). A mixed methods study conducted recently revealed that older
adults suffering from chronic diseases and sedentary behavior perceive wearable
activity trackers as useful and acceptable (Mercer et al. 2016). Another study in
Canada (Puri et al. 2017) found that older adults were most accepting of wearable
activity trackers and they also considered them more personal than other types
of technology. (Puri et al. 2017) also stated that privacy was the least important
concern of older adults, contradicting other literature which states that it is very
important for them (Frik et al. 2019). Potential reasons of showing concerns for
privacy could be lack of understanding (Puri et al. 2017), novelty, dissemination of
sensitive information to third parties (Frik et al. 2019). Another study presented
the results of a trial of a commercial wearable known as Fitbit One, which is a
personal activity monitor. The results indicated that such kind of wearables are
feasible to track physical activity of older adults. OAs who have little technology
experience found it easy to use and useful (McMahon et al. 2016).
2.4.1.3 Virtual and Augmented Reality
Virtual Reality is a relatively new and growing type of technology that can improve
physical activity (De Bruin et al. 2010) and is potentially viable and accepted by
older adults (Molina et al. 2014). Recent studies suggest that if older adults ex-
ercise with the help of VR, it can improve their mobility (Maillot et al. 2012),
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balance control (Pluchino et al. 2012) and prevent falls (Schoene et al. 2013).
Furthermore, augmented reality (AR) tools can also help older adults with fall
prevention (Bianco et al. 2016). Cognitive problems of older adults can also be
solved by the application of AR in different settings. One such example is wind-
shield based in-vehicle navigation display system (Kim and Dey 2009) to help older
drivers in reducing issues of divided attention and cognitive load from having to
switch between a navigation system and the real road view. The evaluation of
this AR-enabled display revealed that older adults make fewer navigation errors
when using this system. Another interesting approach proposed to reduce the cog-
nitive load of older adults is voice augmentation (Sato et al. 2011). It helps older
adults whilst filling online forums, which results in increasing their confidence and
reduced number of mistakes. AR was also used recently to present the radio in
a mobile device as a traditional radio to make older adults comfortable with the
interface (Zhou et al. 2011). The results of this study were positive and provided
suggestions for improvements in the Usability of the mobile radio function.
2.4.1.4 Mobile Applications
The uptake of mobile phones by older adults is shown to be increasing with the
passage of time, but they rely on calling and short messaging service (SMS) only
(Zhou et al. 2014). There is a need to understand their requirements from mobile
phones. (Abascal and Civit 2000) proposed six features that mobile applications
should provide to older adults. These include personal communication, security,
social integration, access to education and labour market and autonomy. In ad-
dition, there is a need to have a mobile app store/market specifically for older
adults, as it doesn’t exist to date (Garćıa-Peñalvo et al. 2014).
2.4.2 Trends in Industrial Settings
European Union (EU) recognizes the social and economic challenges posed by
increase in the ageing population. Therefore, a total of 25 projects were done under
their funding regarding technology for older adults. In depth analysis of these
projects revealed that they are focused more on healthcare. Moreover, their report
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(European Commission 2018c) on analysis of these projects provide guidelines to
effectively execute technology projects for older adults.
• To ensure credibility of the results, validated evaluation methods should be used.
• Attention should be given to ethical and regulatory issues, as they can lead to
serious problems, if overlooked.
• An extensive market and competitor analysis should be done before and during
the execution of the project.
• A well documented, iterative and user centred approach should be adopted.
Furthermore, the importance of design phase should never be underestimated.
• Incorporate effective user recruitment practices to effectively engage and sustain
the users during the lifecycle of the project.
• Adopt the testing of the systems according to the culture of the users.
• Industrial collaboration should be actively sought to enhance expansion in the
market.
• In order to increase efficiency, project management methodologies should be
used.
• Efforts must be put into involving external stakeholders.
• Participation in EU funded research on active and healthy ageing programmes
should be increased.
2.5 Mobile Phones/Applications for Older Adults
Technology has evolved from character based screens to smartphones with voice
enable interaction (Mortensen 2020). Therefore, the focus of my research is on the
latest technology, smartphones and associated applications.
Some older adults face difficulties whilst using standard mobile phones, in par-
ticular, smartphones due to age related declines and also because they do not
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meet their expectations (Klimova and Maresova 2016). To find a solution to this





mobile phones for older adults with bigger buttons, large display and text, security
button and a long battery life. Older adults prefer several features, but one of the
important is Save Our Souls (SOS) button to locate them if they are in any type of
trouble such as theft, robbery or in a medical need (Balata et al. 2015). Although,
the evidence drawn from the non-peer reviewed literature lacks the rigour of the
peer reviewed literature, grey literature does have certain benefits. For example, it
enables identification of emerging research topics in software engineering as many
research topics stem from the software industry, where practitioners prefer online
articles and blogs to disseminate new knowledge (Garousi et al. 2019, Beecham
et al. 2014). Therefore, the inclusion of the grey literature may arguably reduce
research bias, increase reviews’ comprehensiveness, and foster a balanced picture
of available evidence (Paez 2017). It has recently emerged as a promising content
for enhancing the visibility of the ideas that were earlier un-explored or not made
use of. It is becoming more acceptable now to include the grey literature, with
easy access to the material leading to a broader adoption (Gul et al. 2020). Online
searches are a useful way to find blog entries, white papers, book chapters, dis-
sertations and technical reports (i.e., accessing the grey literature). Incorporating
grey literature as part of understanding the current state of the art helps to in-
clude a diverse and heterogeneous body of material, and in my case, more current
and up to date information from users of technology designed for older adults,
often overlooked in the standard literature. This material can make a variety of
positive contributions to subsequent inquiry and practice. However, I was aware of
the large number of advertisements and marketing material that is offered as evi-
dence. While proprietary information can serve to explain tool specifications, they
are unlikely to give an objective evaluation. Other limitations are that this form
of publicly available information is not subject to traditional academic peer-review
processes and the authors are unlikely to have academic training. Nonetheless, it
has been suggested that more inclusive views of existing knowledge can expand
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al. 2017). The online portal articles, technical reports, book chapters, disserta-
tions, articles included in this background fall under what (Adams et al. 2017)
call the first and second tier grey literature, and therefore “exhibits a moderate
to significant level of strength of evidence or credibility.” I also note that the
grey literature is used to support the findings in the peer reviewed articles that
dominate the background to the research presented in this chapter.
Lifewire is an online portal that presents the top ten mobile phones for older adults
(Beren and Popolo 2019). Similarly, another article only provides a list of top five
mobile phones for older adults. These include Denver GSP-110, TTfone star, Doro
6520, Binatone M250 and Nokia 105 (Choose 2019). However, carefully reviewing
their details reveal that these are not inclusive as they are not holistic and do not
aim to solve multiple problems at once. Multiplicity implies overcoming dexterity,
security needs, complexity, poor eye sight in conjunction. Moreover, the scope of
my research is on the software interface of smartphone applications and not the
hardware aspects e.g. size of buttons.
2.5.1 Types of Mobile Phones (Feature vs Smartphone)
The two main types of mobile phones available currently are feature and smart-
phones. But, the emphasis of my research and thesis is on software and smart-
phones only, defined as:
“A smartphone can be described as a device that offers advanced functions and
services that generally require a touchscreen and progressive computing capabil-
ities, including an advanced mobile operating system that supports downloading
and running of applications.” - Callegaro et al. 2015
2.5.2 Mobile Applications for Older Adults (Academic)
There are nine (Plaza et al. 2011) different types of mobile applications for older
adults mentioned in literature as shown in Figure 2.1.
For health and wellness of older adults, a healthcare system called as ‘Yui Net’was
proposed (Sasaki et al. 2007) in which the mobile phone of older adults was used
to send text messages to a remote family member. This system also included a
safety confirmation system and emergency information system. The evaluation
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Figure 2.1: Types of Mobile Applications for Older Adults
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of this system suggested that it is feasible and older adults are satisfied with it.
Similarly, to provide home care, a mobile phone was used to send reminders to
older adults for taking medication (Tamburini and Paggetti 2005). In order to
provide safety and security to older adults, another mobile application called as
LibreGeoSocial (Calvo-Palomino et al. 2009) equipped with global positioning sys-
tem (GPS) was proposed. This system helped family members and caregivers to
locate older adults if they are lost outside. The compass feature in this system can
be used by older adults to orientate towards the right path. At the time of pub-
lication of this study, the pilot experiments/evaluation of this study were just in
the planning phase. One of the mobile application developed specifically for 50+
age group during the last decade to help in daily chores and supply them with
goods is reported in (Årsand et al. 2008). The objective of this application was
to help diabetic older adults manage their diet. The evaluation of this application
suggested that its features were valuable for older adults. However, it has its own
limitations like self selection of participants etc. Information is really important for
individual development, therefore a considerable amount of work is done for cog-
nitive training of older adults e.g. Hermes mobile application (Buiza et al. 2009).
It records what is said in the room and then reminds older adults at the right time
to strengthen their memory. Religion is considered as strongly correlated with the
general quality of life of older adults, as they consider themselves more religious
than their younger counterparts. However, according to (Zainal et al. 2015), there
is a lack of work done from this perspective. Just during the last year, a research
based app called as ‘M Ibadah Pro’(Ahmad et al. 2018) emerged from Malaysia to
help older adults perform daily Islamic activities. Older adults needs were taken
into account before developing this application. However, this application has
some really important features missing e.g. the Koran. It is available for android
users and only in Malaysian language. Also, the evaluation of this application is
unknown to date. A considerable amount of work has been done for improving
social interaction of older adults, as this is an important issue for OAs, if it persists
for long term. An array of examples can be given, but a recent one was called as
‘Lonely No’(Gao et al. 2015). This app helps to organize leisure-time activities
between older adults with similar interests living in adjacent/nearby areas. Again,
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the requirements for this application were collected through conventional qualita-
tive research methods. The results of evaluation highlighted the critical impact
of perceived benefits or relevance on older people’s adoption of new technology.
Helping older adults perform their hobbies using mobile applications is under ex-
plored. A recent example is an Android app (Lekjaroen et al. 2016) as part of an
Interent of Things (IoT) planting system for older adults in Thailand. The evalu-
ation results indicated that older adults found this application useful and easy to
use and in general their attitude towards this system was really good for carrying
out their hobby of watering plants. Mobile applications to help elderly in either
their working life or tele-work work from home after retirement is an area that is
still understudied (Gaßner and Conrad 2010).
To conclude, the analysis of the research papers presenting these mobile apps for
older adults helped to identify their pros, cons and promising directions for future
research as depicted in Table 2.1. The key take away from these studies was that
mobile applications can be considered as promising tools to improve the quality
of life of older adults, but they are not sufficiently investigated yet. Different re-
searchers have claimed that these applications can help in socialisation, healthcare,
safety and security, entertainment, etc. Therefore, they have attempted to achieve
these through various type of applications. However, the type of applications that
gained more attention by them are Health and Wellness, and Safety and Security
(Plaza et al. 2011). Several researchers have conducted research into social and
healthcare applications for older adults (Mikkonen et al. 2002). These studies have
viewed older adults as a homogeneous group. Moreover, a large number of these
applications are developed for conventional interfaces of mobile phones and are
not adapted to the needs of older adults. Miscellaneous limitations of these apps
include complex features, limited offers and mechanisms to increase awareness of
older adults towards benefits of using these apps. These studies also helped to
identify and build the requirements and expectations of older adults such as safety
and security. The initial version of the recommendations is elucidated in Chapter
4.
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Table 2.1: Pros and Cons of Mobile Applications for Older Adults
Pros
No. Description References
1. Help in socialization. (Gao et al. 2015),
(Dasgupta et al. 2016)
2. Improve health care. (Årsand et al. 2010),
(Pavlakis et al. 2012),
(Dasgupta et al. 2016)
3. Provide safety and security. (Melander-Wikman
et al. 2008), (Plaza
et al. 2011)
4. Source of entertainment. (Plaza et al. 2011)
5. Improve quality of life. (Holzinger et al. 2007)
6. Saves costs on health care. (Plaza et al. 2011)
Cons
No. Description References
1. Not always customized for the needs of
older adults.
(Olwal et al. 2011),
(Plaza et al. 2011)
2. Include complex features. (Plaza et al. 2011),
(Watkins et al. 2014)
3. Limited offer on mobile apps for older
adults.
(Plaza et al. 2011)
4. Older adults’ lack awareness regarding
benefits of using mobile apps.
(Plaza et al. 2011)
Although technology use by older adults has been reported to be associated with
reduced social isolation leading to better physical and psychological health (Chopik
2016, Czaja 2017, Fang et al. 2018, Wilson 2018), it is not always the case. This
means that excessive social media use can sometimes backfire and lead to more
social isolation (Primack et al. 2017), even if someone is a younger adult. Studies
also report that Internet use among elderly may lead to better self-rated health,
but it is not a silver bullet to this problem (Gracia and Herrero 2009). Other socio-
economic factors need to be investigated to gain a more clearer understanding of
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this phenomena. There is a need to rigorously examine the negative outcomes
of over-reliance on technology as well (Czaja 2017). This can be achieved with
small Usability trials (Chopik 2016) instead of conducting large-scale randomised
clinical trials to generate data (Kaye 2017). To conclude, social and ethical risks
need to be analysed and technologies should be used only when end users or their
caregivers understand the technology and can provide informed consent (Plaza
et al. 2011).
2.5.3 Mobile Applications for Older Adults (App Stores)
A search on Google play store and Apple iTunes using the key word ‘apps for se-
niors’ produces hundreds of results. Most of these apps fall under the category of
healthcare, independent living and communication which is in line with the find-
ings of the academic literature. The evaluation of a subset of these applications
by (Almao 2018) using standard (W3C 2015) and the research derived guidelines
(Petrovčič, Taipale, Rogelj and Dolničar 2018) revealed relevant results. First of
all, there has been effort put into addressing the Usability and Accessibility issues
in mobile applications for older adults by industry, but there is still a lot of work
needed to design appropriate mobile applications for older adults. It was found
in their study that less than a quarter of the selected applications ‘properly’ ad-
dressed the issues of Usability and Accessibility of mobile apps for older adults.
The obvious and recurrent issues mentioned in ageing and Accessibility literature,
which need to be considered when designing apps for older adults, were not ad-
dressed in more than half of the applications. Examples of such issues include a
default zoomable interface and customization of the font size. In addition, another
important aspect is that the gestures to operate the app were difficult for older
adults in half of the selected applications. Moreover, the instructions to use the
mobile apps were either not provided or were ambiguous (Almao 2018). It was
also discovered very basic features like inputting data was quite slow in some of
the applications.
“This is a clear reflection of lack of adoption of the research based guidelines for
developing mobile applications for older adults in industrial settings.” - (Almao
2018)
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By implication, a connection between academia and industry need to be estab-
lished, so that software developers can develop the apps using evidence-based
guidelines. Thus this would support the development of usable and accessible
apps for older adults. Existing apps also need to be constantly evaluated using
research derived empirical guidelines. In addition, older adults also need to be
part of the process of validation of apps developed for them. This lack of adoption
is a two-fold problem. Either the designers are considering them as trivial or they
are not significant and usable by them. In order to get a clear picture, the next
section presents and analyzes the existing guidelines developed by the standards
organizations like W3C and the scientific literature.
2.5.4 Barriers and Motivators towards Usage of Mobile
Phones and Associated Applications by Older Adults
It was really important to study what motivates and demotivates older adults to
use mobile phones and the associated applications. Reviewing existing research
revealed that there was knowledge available about the reasons for older adults
adopting and using smartphones and vice versa (Choudrie et al. 2014). A few
very relevant studies presenting the barriers and motivators towards smartphone
adoption by older adults include (Mohadisdudis and Ali 2014), (McGaughey et al.
2013 and Lee and Coughlin 2015). The problems with some of these studies were:
usage of single method for data collection, limited number of participants from a
particular country e.g. Malaysia, language difference between participants and the
researcher, based on literature review only and lack of empirical grounding. Several
other related studies also presented the motivators towards mobile phone usage by
older adults such as (Conci et al. 2009, Kubik 2009, McLeod 2009, Renaud and
van Biljon 2010, Tang et al. 2013, Yang 2013). These studies highlighted numerous
motivational factors e.g. enjoyment (Conci et al. 2009), self-actualisation (Conci
et al. 2009), economic (Kubik 2009), security (Kubik 2009), ease of use (McLeod
2009), expressiveness (McLeod 2009, Renaud and van Biljon 2010), safety (Renaud
and van Biljon 2010), goal setting (Tang et al. 2013), social influence (Tang et al.
2013) and usefulness (Yang 2013). Some studies reported that intrinsic motivation
play a more important role in adoption than extrinsic motivation, and suggested
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that designers should leverage on hedonic and self-realization aspects to increase
usage and acceptance of mobile phones and associated applications by older adults
(Conci et al. 2009). These studies also suggested that the motivations of young
and old older adults are different to use mobile applications (Kubik 2009, Renaud
and van Biljon 2010). Similarly, some studies describe the barriers towards mo-
bile phone and associated applications usage by older adults. One very relevant
study presented the work done by (Mohadisdudis and Ali 2014), which reported
eight factors demotivating older adults towards adoption of mobile phones. Other
studies reported barriers discretely such as problems with hardware or software in-
terface (Lin et al. 2009), small size of mobile device (Clarke and Concejero 2010),
difficulty in usage (Leung et al. 2010), costs (Roupa et al. 2010) and physical prob-
lems of older adults such as poor vision, hearing, sense of touch (Lin et al. 2009).
Although there is a body of work on motivational and de-motivational factors re-
lating to mobile phone use and associated applications for older adults across the
globe, there does not appear to be a study that presents a holistic set of motiva-
tors or de-motivators towards smartphone adoption by older adults. Furthermore,
the reported studies are now outdated and not conducted with Irish older adults.
It is imperative to conduct the testing of the systems according to the culture
of the users (European Commission 2018c). It was also recommended by these
studies that further research should be done to understand the motivational and
de-motivational factors further with greater number of participants (McLeod 2009,
Tang et al. 2013). In order to gain a clear understanding of these factors, older
adults who are going to use the mobile phones need to be involved in the re-
search. My initial research questions on barriers and motivators towards current
smartphone usage of older adults are motivated by these findings in the literature.
2.6 Recommendations for Developing Mobile Apps
for Older Adults
The development of mobile applications for older adults can be guided by standards
and related research. In this section, I detail two sources of guidelines, the standard
proposed by W3C and research derived guidelines.
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2.6.1 Standard Guidelines
World Wide Web Consortium (W3C) is a well established consortium and a stan-
dards’ organization for the web. They have provided standard guidelines for mak-
ing web content accessible. However, they have only provided an informative
guidance on how to adapt their existing guidelines whilst developing mobile appli-
cations (W3C 2015) for people with impairments or disabilities, who may or may
not be older adults. These are not a set of specific requirements or guidelines. This
guidance is classified on the basis of four key principles. These are perceivable,
operable, understandable and robust, commonly referred to as POUR. The details
of these four principles are provided in Chapter 4, where the in-depth analysis and
inter-rater reliability of existing guidelines is presented in detail.
2.6.2 Research Derived Guidelines
Figure 2.2 gives a bird’s eye view of the taxonomies of research derived guidelines
for developing smartphone applications for older adults. I developed Figure 2.2
after selecting five studies (Calak 2013, Dı́az-Bossini and Moreno 2014, Silva, Jor-
dan and Holden 2014, Mi et al. 2014, Carmien and Manzanares 2014) that are
proposing guidelines to develop smartphone applications for older adults.
These studies are also confirmed by a recent systematic literature review which
proposes guidelines for smartphone applications for older adults (Nurgalieva et al.
2019). The data extracted from each of these studies was name/title given to
guidelines, count/number of guidelines, authors with year, categories and number
of items that fall under each of the category. The items are presented in the form
of range to avoid ambiguity and redundancy of information. For example, the
category ‘Vision’ has six items represented as Vis1 to Vis6. Also the short form
e.g. Vis is used as an acronym for Vision. Figure 2.2 also helps to understand
the heterogeneity of classification of recommendations either based on the char-
acteristics of the user group or design categories, which might make it difficult
for practitioners to choose one of them. The minimum number of guidelines for
smartphone app development for older adults is nineteen and maximum is forty
four. The average number of guidelines is 29.6. These guidelines are generally
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Figure 2.2: Taxonomies of Research Derived Guidelines
30
2.6 Recommendations for Developing Mobile Apps for Older Adults
classified into five or six categories either based on the characteristics of the user
group involved in the study or design categories.
Table 2.2: Difference Between Research Artefacts
Type Definition Reference
Checklists Checklists are basically design guidelines converted or
reworded into a set of yes/no response type questions.
For example: ‘An object shaped to easily fit into their




Guidelines Design guidelines contain a prescriptive set of rules that
have to be followed in the design process by product de-
signers and developers. They often have over a thousand





• Usability heuristics are rules of thumb that describe
common properties of usable user interfaces (UI’s).
• They summarize best Usability practices for UI de-
sign.
• They help evaluators focus on aspects of a UI that are
often trouble spots, simplifying the detection of Us-
ability problems. They often serve as classifiers that










A design pattern distills empirical research results into
concise statements of a problem and its solution. The
design patterns used in this thesis adopt the struc-
ture provided by Christopher Alexander and Noll et
al. 2014. The components used are Importance, What,
Why, How, Who, Evidence, Related Patterns, adopted
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As of now, there is no standard classification or taxonomy for mapping the guide-
lines to develop smartphone applications for older adults. This multiple type of
classification of the guidelines makes it difficult for practitioners to select one for
their usage. Moreover, there are four different ways in which the research insights
pertaining to developing smartphone applications for older adults are presented
in the literature. These are checklists, heuristics, guidelines and design patterns
and are defined in Table 2.2 previously. This table also describes the granular
differences between the different types.
The analysis of existing guidelines revealed that they are not derived using em-
pirical methods and researchers have relied merely on existing literature, which
effects their reliability. Most of the studies presenting guidelines have relied on
literature to produce the guidelines. One fifth of the guidelines are not validated
at all, while 80% of others lack extensive validation.
2.6.3 Problems with Existing Guidelines
In general, the existing guidelines are problematic, generic, poorly worded and lack
cognitive grounding (Zaphiris et al. 2005). Moreover, they are not holistic and are
piecemeal.
Confusing - “Support easy path” is an example of a guideline which can be
confusing for practitioners (Rømen and Svanæs 2012). This recommendation, in
itself, is difficult to understand because there is no context on what does “easy
path” mean. After reviewing the context in the paper, it becomes clear that it
means to provide a Home button and keep older adults informed about where they
are in the smartphone application.
Lack of Structure and Contradictory - “Do not rely on color alone to convey
information. Be aware of color blindness.” and “Group information visually e.g.
make good use of color, text, topics.” are contradictory, making it difficult for
practitioner to select one of them (Newell and Gregor 2002, Kim 2010, Rømen and
Svanæs 2012).
Guidelines are Not a Silver Bullet - This suggests that guidelines may not
be able to identify 100% of the problems in the application. This is evident from a
validity study of Web Content Accessibility Guidelines (WCAG), which suggests
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than less than 50% of issues were identified (Rømen and Svanæs 2012). Nonethe-
less, guidelines can be a good starting point to make applications accessible. But,
to further improve the Accessibility and Usability, software developers should fol-
low a user-centered design approach and perform Usability tests of the application
with users of a breadth of abilities (Rømen and Svanæs 2012). My work is there-
fore built on user-centered design approach and has generated recommendations
empirically and validated via inter-rater reliability.
Too Generic - “Make information accessible through different modalities” is too
generic and doesn’t specify a particular modality e.g. mobile, desktop, wearables
or displays (Zaphiris et al. 2005).
Difficult to Interpret - “Spacing between text lines” is a guideline that is
difficult to interpret alone and it does not clarify the context (Zaphiris et al.
2005, Law et al. 2006, Ghorbel et al. 2017). This situation makes it compulsory
for the practitioner to read the paper, which is often not the standard operating
procedure in a fast paced industrial environment. Only after reading the paper,
the practitioner will understand that this recommendation is in the context of
written text within smartphone application. Furthermore, short sentences need to
be used and use at least usual spacing of 3.17mm between lines. Nonetheless, this
is a recommended practice, but no evidence is available in the paper.
2.6.3.1 Research Gap
All of these problems, associated with the existing guidelines augmented with
lack of reflection (Almao 2018) on smartphone applications for older adults and
their sustainable usage is unclear (Berenguer et al. 2016), represent a gap in the
existing body of knowledge. Moreover, the in-depth survey (Berenguer et al. 2016)
analyzed the data collected worldwide and revealed that even if older adults use
smartphones, they use them as feature phones. The underlying reason is the lack
of applications geared towards their needs (Berenguer et al. 2016).
2.6.3.2 Research Objective and Questions
• “To systematically derive and validate the recommendations for designing ac-
cessible and usable smartphone applications for a diverse cohort of older adults
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and build a model in an easy to use format.”
• “To present the recommendations to designers of smartphone applications for
older adults in an easy to use format.”
Main Research Question - “What do developers of smartphone applications
for older adults need to do to make their applications usable and accessible for
their target population?”
RQ1- What are the barriers that prevent older adults from using smartphone
applications?
Rationale- To articulate and elaborate the key factors which older adults believe
are demotivating them towards technology use.
RQ2- What attracts older adults to use smartphone applications over time?
Rationale- To articulate and elaborate the key factors which older adults believe
are motivating them towards technology use.
RQ3- How are older adults using smartphones and the associated applications?
Rationale- To give a level of rigor to the findings, there is need to elucidate the
level to which smartphones have been used by older adults.




Rationale- Previous research has shown the many different personas and asso-
ciated needs of users of technology (Wöckl et al. 2012, Gizaw et al. 2015, Sorgalla
et al. 2017). It is likely that both the functional and non-functional requirements
of OAs who are tech-savvy and not tech-savvy will differ. There is a need to
1
Recent research has categorised older adults into three (apathetic, social and hedonic, busy
and active, as mentioned in (Vicente and Lopes 2016)) or four (maximal, average, modest,
non-users, as mentioned in (Vroman et al. 2015)) categories based on their samples. However,
my empirical data (interviews and surveys) revealed two main groups, tech-savvy and non-tech
savvy. There was a possibility to have another group possessing the intersection of the former
two, declared as moderate users (like (Vroman et al. 2015)), but to ensure simplicity and clarity
I opted for two types as of now.
Tech-savvy OAs - OAs who spend more than 8 hours during a week on their mobile phone
and use basic functionality as well as mobile applications and wearables. Examples of mobile
applications are Whatsapp, Podcast, Headspace, and wearables such as Fitbit.
Non-tech savvy OAs - Older adults who spend 0 to 2 hours during a week on their mobile
phones and rely on basic functionality only e.g. calling, texting.
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understand the potential differences and commonalities and categorise the recom-
mendations accordingly.
RQ5- What are actionable and validated recommendations for software practi-
tioners to design and develop accessible and usable smartphone applications for
older adults?
Rationale- To produce a re-usable design support to aid practitioners in the
design and development of smartphone applications for older adults.
The end result of this research is Design Patterns, which aim to make it easier for
practitioners to implement the existing guidelines. Design patterns are considered
as one of the most effective artefacts due to the clarity, context and explana-
tion they offer, yet least studied. Existing approaches or research artefacts e.g.
guidelines, heuristics and checklists are not applied by designers frequently due to
their poor specification which does not facilitate the implementation/development.
Therefore, this research study advocates for the need to continue developing and
proposing patterns to overcome common problems. These patterns can support
the improvement of technology Usability for older adults. The proposed patterns
from this study aim to be conducive to create well designed interfaces for older
adults, and be a starting point for designers to create accessible and usable smart-
phone apps for older adults. With the help of using these patterns, the technology
developed for older adults will fall in the intersection of Usability and Accessibility.
2.7 Summary
This chapter presents the state of the art of research into older adults in relation
to current technology offerings. Given the increase in the number of older adults,
and the problems associated with old age, technology has the potential to improve
their quality of life. This group of the population is shown to have distinguishing
characteristics that need to be taken into consideration when conducting research
into their technological needs. A critical analysis of the different types of tech-
nology such as websites, wearables, mobile apps, virtual and augmented reality
available to help this age group is presented.
The chapter focuses on smartphones, as a form of technology that is in common
use, along with associated applications for older adults along with their benefits
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and limitations. Moreover, the classifications of existing insights and guidelines
on how to develop and improve older adults experience with smartphone applica-
tions are presented. This discussion helps identify the problems and the research
gap that needs to be filled. In addition, the research questions to address the
research gap are presented. Finally, the rationale for presenting recommendations





“To find ideas, find problems. To find problems, talk to
people.”
—Julie Zhuo, Interaction Design Foundation
3.1 Introduction
To answer the research questions, this research study is organized into clearly de-
fined steps. Mixed method research approach was used by following the guidelines
of (Creswell and Creswell 2017). It is an approach to inquiry involving collecting
both quantitative and qualitative data, integrating the two forms of data, and
using distinct designs that may involve philosophical assumptions and theoretical
frameworks. The core assumption of this form of inquiry is that the combination of
qualitative and quantitative approaches provides a more complete understanding
of a research problem than either approach alone (Creswell and Creswell 2017).
The thesis makes use of a mixed method approach of both qualitative and quan-
titative nature. It is a combination of primary and secondary studies involving
qualitative and quantitative data collection methods. A range of data collection
methods has been employed, such as literature reviews, semi-structured inter-
views, online survey, system usability scale, think aloud protocol, participatory
observation study. To analyse the data, I utilised thematic analysis, descriptive
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and inferential statistics. I have used design patterns as a support for presentation
of the findings.
3.2 Sampling
It is practically impossible to study a complete population whilst conducting re-
search. Therefore, researchers study samples, a subset of the population. In this
research, a sample of older adults was chosen from the population using non-
probability sampling techniques (Creswell and Creswell 2017). This type of sam-
pling is suitable when the aim is to gain an in-depth understanding of a phe-
nomenon, rather than a general understanding. Three types of non-probability
sampling methods were employed during this research during different phases;
purposive, snowballing, and convenience, sometimes utilising multiple categories
in tandem. Table 3.1 shows the various type(s) of sampling techniques used for
each data collection method. It also presents an introduction to the method and
the requirements of this research. For instance, older adults over 50 years were
selected for the interviews. Stratified sampling augmented with simple random
sampling was chosen for apps forum analysis to reduce sampling error and achieve
precision. This technique helped to highlight the specific sub-groups within the
population, smartphone apps in this case. Simple random sampling further helped
to achieve accuracy in the representation of each sub-group.
Table 3.1: Sampling Techniques used during this Research
Data Collection Method and Sam-
pling Technique
Description
1. Literature Review - Literature
review is a synthesis of relevant sci-
entific studies on a specific topic or
research question (Kitchenham et al.
2009). Non-probability sampling tech-
nique was used, snowballing.
It is imperative that software engineer-
ing research should be evidence based
(Kitchenham et al. 2004). I conducted
a systematic literature review, because
it is a rigorous method for review of
existing research results (Kitchenham
et al. 2009). Guidelines of (Wohlin




2. Interviews - Interviews in-
volve a researcher asking participants
questions and recording their answers
(Creswell and Creswell 2017). In-
terviews can be structured, semi-
structured or un-structured. Semi-
structured interviews typically con-
sists of a dialogue between researcher
and participant, guided by a flex-
ible interview protocol and supple-
mented by follow-up questions, probes
and comments (Creswell and Creswell
2017). Non-probability sampling tech-
nique was used, purposive.
Older adults over 50 years whose pri-
mary language was English and had
done some volunteering were recruited
through press releases and radio public-
ity. I asked semi-structured open ended
interview questions from participants,
because I did not know exactly what
questions to ask and needed more in-
sight to understand older adults’ view-
points. I wanted to allow older adults
for open-ended responses to gain in-
depth information.
3. Surveys - Survey research designs
are procedures in quantitative research
in which a researcher administers a sur-
vey to a sample or to the entire popu-
lation of people in order to describe the
attitudes, opinions, behaviors, or char-
acteristics of the population (Creswell
and Creswell 2017). The intent is to
assess trends, opinions, beliefs, and at-
titudes for follow-up analyses and eval-
uations. The two common types of sur-
vey designs are cross-sectional and lon-
gitudinal. Cross-sectional aims to col-
lect data at one point of time, whereas,
longitudinal design is for studying same
people over time. Non-probability sam-
pling technique was used, convenience.
People over 50 years were recruited
through press releases and email. Typ-
ical survey questions can be demo-
graphic, open-ended, closed-ended, rat-
ing questions, Likert scale, multiple
choice, or picture choice questions. I
used a mix of these survey questions
in my research. I have used cross-
sectional survey to gather data regard-
ing my research questions swiftly from
a larger group of older adults with min-
imal costs for a particular point of time.
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4. Usability Study - Usability in-
spection is the generic name for a set
of cost-effective ways of evaluating user
interfaces to discover Usability prob-
lems (Nielsen 1994). They are easy
to use e.g., System Usability Scale
(Brooke et al. 1996). Non-probability
sampling technique was used, conve-
nience.
People over 50 years were recruited
from a local retirement village. Addi-
tional criteria such as language was the
same as for the interviews and surveys.
I used System Usability Scale (Brooke
et al. 1996) to perform Usability test-
ing because it fulfills the need and is a
highly versatile and robust tool (Ban-
gor et al. 2008). I also asked three open
ended semi-structured interview ques-
tions from the participants during this
study.
5. Think Aloud (TA) Protocol -
TA is performed by asking individu-
als to think out loud whilst interacting
with the system (Nielsen 2012). Field
notes and discussions are recorded.
Non-probability techniques were used,
convenience and snowballing.
These subjects were drawn from people
over 50 years who came back to us via
press releases or their friends, family
members, and colleagues. The distin-
guishing criterion for this phase was to
involve tech-savvy older adults who are
in possession of smartphones. More-
over, they should demonstrate that
they are adept at using at least two
smartphone applications regularly. I
began the session by asking just one
closed-ended structured question from
participants - Which of the two apps
on their smartphones do they like or
dislike most? I used TA to answer re-
search questions, because it is widely
used, inexpensive, flexible and easy to
learn for participants. It also gen-
erates rich qualitative data with in-
experienced moderator of the session.
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6. Digital Content Extraction
from Ageing Forum Discussion
Analysis - Digital content extrac-
tion is defined as “Internet methods
that are used to collect qualitative
data for interviews, observation or doc-
ument analyses. For instance, web-
pages are frequently used to conduct
quantitative Internet surveys, but they
can also be used to observe group
dynamics with or without interacting
with the group members as a qualita-
tive research method” (Im and Chee
2012). Non-probability sampling tech-
nique was used, purposive.
Forum should be only for users over 50
years who are active contributors, with
a discussion section on technology in-
cluding recently active threads. I used
the guidelines of (Im and Chee 2012)
before conducting this phase. I used
ageing forums, because they were ap-
propriate to answer my research ques-
tion for tech-savvy older adults. Older
adults were really open about their con-
cerns related to technology on these fo-
rums.
7. Digital Content Extraction
from App Forum Analysis - Same
as 6 above. The difference is sampling
type. Probability sampling techniques
were used, stratified and simple ran-
dom sampling.
Applications should be explicitly de-
clared as for use by older adults. I
classified the selected apps into 9 cate-
gories. After that I used simple random
sampling to choose 30% of the apps.
I used the guidelines of (Im and Chee
2012) before conducting this phase. I
collected data from mainstream app
stores, as they share the main market
distribution and were appropriate to




Inter-rater reliability is the extent of agreement between different raters. In the
beginning of the evaluation, three researchers coded and classified the recommen-
dations into a vocabulary with which the practitioners appear to be familiar. A
deductive approach was used. The Usability recommendations were mapped into
seven categories provided in Peter Morville’s (Morville 2013) Usability honeycomb.
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Similarly, the POUR principles provided by (W3C 2015) were used to map the
Accessibility recommendations. POUR is short for perceivable, operable, under-
standable and robust. Accessibility and Usability are closely related aspects in
creating software applications that work for everyone.
3.3.2 Choosing Cohen’s Kappa
Different coefficients can be used for evaluating the agreement in classification of
recommendations between the three raters or inspectors.
Proportion Agreement- A straightforward approach to evaluate the agreement
is to consider the proportion of ratings upon which raters agree. This is, however,
considered naive as the agreement may have occurred solely by chance. According
to (Hartmann 1977), using proportion or percentage of agreement tends to produce
higher values than other measures of agreement. He discourages the use of pro-
portion agreement, because science is inherently about conservatism rather than
liberalism. In addition, the use of the proportion of agreement can be unreliable
(Suen and Lee 1985). Therefore, the use of proportion or percentage agreement
was not my choice for an evaluative measure.
S-Coefficient- Another option for evaluation of the agreements was the S-
coefficient proposed by (Bennett et al. 1954). However, he assumes that the
agreement by chance is due to raters assigning sub-categories/classes to the rec-
ommendations randomly at an equal rate.
Cohen Kappa- An alternative definition for agreement is the raters’ tendency to
distribute the classifications in a certain way. This seems a reasonable assumption
a priori, in an inspection context. This is assumed to be the case with Cohen
Kappa’s coefficient (Zwick 1988). I chose it because the three researchers, based
on their theoretical knowledge of the domain, would be expected to classify the rec-
ommendations in a specific way. It has also been established that Cohen Kappa’s
coefficient can produce slightly higher reliability results in the case of more than
seven categories (Cicchetti et al. 1985). There were eleven in this research. More-
over, the Kappa coefficient is widely used in social and medical sciences and it has
thousands of citations to date (Umesh et al. 1989). In the medical domain, it has
been presented as a measure of agreement in reliability studies (Gordis 1996). A
variant of Kappa called weighted Kappa (Cohen 1968) was also considered, but it
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is most useful for non-nominal scales and when the relative costs of agreement can
be quantified. This does not apply to my work.
The analysis of these three options led me to use Cohen’s Kappa (McHugh 2012)
because it is a robust and useful statistic tool for inter-rater reliability testing.
3.3.3 Interpretation of Cohen’s Kappa
Existing literature suggests that a value of Cohen Kappa less than 0.45 indicates
inadequate agreement. However, values over 0.62 indicate good agreement and
values above 0.78 indicate excellent agreement (El Emam 1998). Altman’s Kappa
Benchmark suggests the range between 0.61 to 0.80 is good (Altman 1990) in the
classification of recommendations between raters. Moreover, in software engineer-
ing it is extremely difficult to get a good agreement (El Emam and Wieczorek
1998). Some examples of studies in software engineering relying on lower Kappa
values include (Lindvall and Sandahl 1998, Ahmed 2012 and Mäntylä et al. 2017).
While Kappa values below 0 are possible, Cohen noted that they are unlikely in
practice. Cohen himself suggested that the Kappa result be interpreted as fol-
lows: values less than or equal to 0 as indicating no agreement and 0.01 to 0.20
as none to slight; 0.21 to 0.40 as fair; 0.41 to 0.60 as moderate; 0.61 to 0.80 as
substantial; and 0.81 to 1.00 as almost perfect agreement on page 279 of (McHugh
2012). Therefore, I set the threshold for Cohen’s Kappa (κ) to be over 0.61 for
this research.
3.4 Research Phases
The four key phases of this research process are shown in Figure 3.1. The input
of each phase was data, extracted by different methods, and the output was an
evaluated version of recommendations. Inter-rater reliability was employed for
the purpose of evaluation. Each phase fed into the next, thereby extending the
recommendations. After completion of the three phases, the recommendations
were transformed into a set of design patterns during Phase 4.
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Figure 3.1: Research Process
3.4.1 Phase 1 - Literature Reviews
In order to gain a broad understanding of any domain, a literature review is neces-
sary. This review provides a balanced and objective summary of existing research
about a particular topic (Brereton et al. 2007). I identified and reviewed the rel-
evant studies in the literature primarily using a snowballing approach. There are
other methods available (Keele et al. 2007), but I used guidelines of (Wohlin 2014)
because these help reduce noise/redundancy and lower the chance of missing a
relevant paper as opposed to using string-based searches in electronic databases.
Moreover, as this area falls in an interdisciplinary category, there was a potential
chance of missing an important study if I only looked at computer science and
software engineering sources. However, for identification of start set of papers,
search strings were applied on electronic databases.
Two literature reviews were done, each supplementing the other. The initial lit-
erature review was domain specific, where social networking applications for OAs
were identified. To increase the scope, another literature review was conducted
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regarding recommendations for smartphone applications for OAs in general. A
cumulative sum of 56 primary studies was included in these reviews. The protocol
is reported in Appendix A. The steps taken during Phase 1 - Literature Reviews,
are depicted in Figure 3.2. For both literature reviews the primary studies or
documents were read to extract the information to answer the research questions.
3.4.1.1 Domain Specific Literature Review
A literature review on SNSs for the OAs (Coelho and Duarte 2016) led to a start
set of seven papers, to perform forward and backward snowballing. Inspecting
references (217) and citations (370) of the start set, left 594 studies to be inves-
tigated. 51 primary studies were selected matching the inclusion and exclusion
criteria to achieve the objectives.
• To identify the problems and needs of OAs for new social networking applica-
tions.
• To understand the characteristics of social networking applications used by OA,
and, by implication, extract recommendations for developing social networking
applications for the OA.
3.4.1.2 General Review of Literature
Another literature review was conducted to study the recommendations for the de-
velopment of usable and accessible smartphone applications in general. A recently
published study (Nurgalieva et al. 2017) in the Conference on Human Factors
in Computing Systems (CHI’17
1
) was selected as a base paper for forward and
backward snowballing. This paper focused on recommendations for developing
touchscreen devices for older adults. Two iterations of snowballing led to satu-
ration. The primary criterion for a study to be included for analysis was that
it focused on recommendations for the development of smartphone applications
only. Five studies that matched this inclusion criterion were then read. These
studies were also referred to in a recent study as reporting recommendations for





After reading these studies, recommendations were extracted into an excel sheet.
Numerous duplicate recommendations were removed through performing an inter-
and intra-redundancy check. A distinct set of recommendations was then synthe-
sised. The next step was to classify these recommendations into two categories,
Accessibility and Usability, based on the content of the study from which they
were retrieved. Following classification, recommendations were evaluated using
inter-rater reliability. This helped to develop ReDEAP Version 1. The outcome of
these literature reviews dictated the need for an empirical study with older adults.
In addition, specific research questions and protocol for the empirical study were
derived using these findings.
Figure 3.2: Phase 1 - Literature Reviews
3.4.2 Phase 2 - Prototype Development
During phase 2, Golden Jubilants prototype was developed iteratively. A mixed
methods study was designed during Phase 2 - Prototype Development, as shown in
Figure 3.3. These sub-phases produced preliminary, prioritised and validated rec-
ommendations. The recommendations were evaluated using inter-rater reliability
to produce ReDEAP Version 2.
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Figure 3.3: Phase 2 - Prototype Development
3.4.2.1 Data Collection Methods
Interviews - I followed the guidelines of (Creswell and Creswell 2017) to conduct
semi-structured interviews. I started with two pilot interviews which helped to
refine the questions and change their order. After the pilot interviews, 11 more
interviews were conducted with older adults. Piloting for interview is an integral
aspect and useful in the process of conducting qualitative research as it highlights
the improvisation to the major study (Majid et al. 2017). They are crucial to test
the questions and to gain some practice in interviewing. The interview protocols
could be strengthened through piloting the interviews. It can help identify if
there are flaws, or limitations within the interview design that allow necessary
modifications to the major study.
Qualitative analyses typically require a smaller sample size than quantitative anal-
yses. The sample size should be large enough to obtain enough data to sufficiently
describe the phenomenon of interest and address the research questions. The goal
of qualitative researchers should be the attainment of saturation. Saturation oc-
curs when adding more participants to the study does not result in additional
perspectives or information. (Creswell and Creswell 2017) recommends 5 to 25
participants for reaching saturation. These interviews generated rich qualitative
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data; they were discontinued upon reaching saturation, when no new information
was coming. The protocol and questionnaire for interviews is available in Appendix
B.
The purpose of the interviews was to identify the potential barriers interfering
with and the motivators towards the use of smartphone applications, e.g., social
network systems, for older adults. In addition, the intention was to understand the
attitude of older adults towards technology and extract and accumulate functions
that should be met by a smartphone application to make it usable by and accessible
for them.
Surveys - The primary objective of the survey was to augment and strengthen the
findings of the semi-structured interviews using additional evidence. Emphasis was
put on the type of devices older adults were using, Android, Web, or iOS based.
Attention was also paid towards expectations of older adults for a system that
provides healthcare information as well. I also wanted to highlight the likes, dis-
likes, and expectations of a larger sample of OAs about smartphones applications
and to discover any possible correlation between demographics and their uptake
of smartphones. 202 completed questionnaires by participants were included. The
protocol and survey questionnaire is shown in Appendix C. The types of questions
included in the survey were demographic, open-ended, closed-ended, rating, likert
scale, and multiple choice questions. An example close ended question in survey
is shown in Figure 3.4. Triangulation was done whilst interpreting the data from
both interviews and surveys.
3.4.2.2 Data Analysis Strategy
Qualitative Data Analysis - In qualitative research, the process of data collec-
tion, data analysis, and report writing is not always distinct steps; they are often
interrelated and occur simultaneously throughout the research process (Creswell
and Creswell 2017). I used thematic analysis to develop themes that were empha-
sised by participants who answered the interview questions. It is a method for
identifying, analyzing, organizing, describing, and reporting themes found within
a data set. (Braun and Clarke 2006) presents a linear, six-phased method for the-
matic analysis. This involves becoming familiar with the data, generating initial
48
3.4 Research Phases
Figure 3.4: Example Close Ended Question in Survey
codes, searching for themes, reviewing themes, defining and naming themes and
producing the report. It is actually an iterative and reflective process that devel-
ops over time and involves a constant moving back and forward between phases. I
have adapted the guidelines of (Creswell and Creswell 2017 and Braun and Clarke
2006) to perform analysis of the qualitative data generated during the mixed meth-
ods. This was accomplished using Microsoft Excel sheet as well as NVivo
1
. NVivo
was used to create mind maps of themes and frequency of keywords, e.g., skills
for volunteering. In case of an excel sheet, the snippets are usually arranged in
one column. These snippets are matched with the theme columns and marked or
annotated using zero, one, tick, cross. I have used both, because I understand that
no software package can independently analyze qualitative data to achieve both
efficiency and effectiveness by keeping in control of the data. To facilitate code
creation, I used a single ‘sentence’ as a unit of analysis for extracting and defining
the themes. I developed an initial set of themes which were validated by one of
my supervisors.
1
NVivo is a qualitative data analysis computer software package produced by QSR Interna-
tional. It has been designed for qualitative researchers working with very rich text-based and/or




Step 1: Reading- I browsed through the transcripts verbatim and took notes
from first impressions. After that, I re-read the transcripts line by line.
Step 2: Coding- I labelled the phrases, sentences, and sections with regard to the
importance. A sentence was considered as important or relevant based on several
factors, e.g., if the participant has explicitly said that this aspect is important,
whether something new or surprising came up, whether something that I had read
in earlier published studies was discussed, or if something is repeated in several
places. At this stage, 82 codes were generated.
Step 3: Categorising- I went through all the codes created. After that I decided
the most important and relevant codes and combined them to form a category or
a theme. Some trivial codes which had no relevance to the research questions and
objectives were ignored. The themes that were generated as a result of this stage
were general and abstract.
Step 4: Label and Define the Categories- Four high level themes were
labelled and developed from the significant codes. These high level themes were
the main results of this study which elaborate new knowledge from the perspective
of older adults. The definitions of these themes were also outlined.
Step 5: Rectification of Unseen Bias- In order to alleviate any bias in
my findings and increase reliability, I randomly sent the snippets to one of my
supervisors without a theme assigned. The list and definitions of themes was
sent separately. After that, the supervisor gave her comments and assigned these
snippets to the themes. She also identified new themes. The result of this step was
the addition, deletion and modification of several themes. Any unresolved issues
were discussed between us until a consensus was reached. After the completion
of this step, we had a final set of mutually agreed four key themes and 17 sub-
themes. In addition to these themes, a set of user recommendations was extracted
to guide the development of Golden Jubilants prototype, a social volunteering
network system for older adults.
Quantitative Data Analysis - The quantitative data generated through survey
was analyzed and presented through both descriptive and inferential statistics. In
order to turn raw numbers into meaningful data, critical thinking and appropriate
tools were necessary. Therefore, the quantitative data from survey questions was
aggregated in Microsoft Excel to gain a picture of our sample. Cross-tabulation
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and filtering were used to understand sub-groups of the sample, e.g., the type
of residence of a person and its relationship to mobile phone usage. Additional
techniques used were bench-marking, trending, and comparative analysis. For the
survey, descriptive statistics were derived by calculating the frequencies of two
variables, the category of mobile phone used by older adults and the possession of
a wearable. In addition, the frequency of a set of more than 10 variables was also
calculated. Also, this specific piece of primary data was objectively interpreted,
explained and compared with findings from the existing research. Before this, the
data was checked and prepared to avoid the occurrence of any unexpected results,
e.g., blank fields were replaced with not applicable (NA) or zero depending on
the type of variable. For instance, if someone has not answered the question ‘If
you have undertaken volunteer work, please write details e.g., teaching, toast-
mastering, child-care etc.’, then the gap is replaced with NA.
3.4.2.3 Data Presentation Tools
Design Thinking - The purpose of design thinking workshop was to divide and
prioritize the requirements for Golden Jubilans prototype. In addition, the aim
was to outline the primary and secondary stakeholders. I also aimed to examine
the as-is and to-be scenario before and after the Golden Jubilants prototype is
used by older adults.
Design thinking is a practical and creative problem-solving approach that evolved
from fields as varied as engineering, architecture and business. It is very useful in
understanding and clarifying the needs of users and creatively discovering the best
solutions to meet those needs (Brown and Wyatt 2010). The four key concepts
of design thinking are understand, explore, prototype and evaluate. The distin-
guishing aspect of IBM design thinking is that it facilitates collaboration between
a diverse group of stakeholders, not just the design team (IBM 2019). Moreover,
it can also be applied to the different sections of an organisation. I, therefore,
harnessed its potential and collaborated with the Manager, Mobile Lead and Data
scientist at IBM Ireland to conduct a workshop. The first step was a brainstorming
session based on the knowledge gathered from the previous phases. In addition to
brainstorming, an array of useful artefacts developed during previous phases were
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used as an aid during the workshop, literature review findings, in the form of rec-
ommendations, field notes, personas, system requirements, interface requirements
and mockups.
Also, a list of the potential stakeholders of Golden Jubilants prototype, was iden-
tified, profiled and classified into two main categories, primary and secondary.
There is one category of primary stakeholder, older adults. However, the sec-
ondary stakeholders included community members, friends and family members,
and volunteer organizations. I along with other workshop participants opted for a
standard feasibility chart, also known as a Priority Grid
1
to map the requirements
of the resulting solution. This step helped evaluate the possible ideas through
the lens of user value, feasibility, or business value to inform decision making. It
guided the start of the development process and helped to divide and prioritize
the requirements into four discernible categories. The four categories were No
Brainers, Utilities, Not Wise Use of Time and Big bets. We also reflected on the
as-is and to-be scenario after our solution is used by the stakeholders. The key
parameters of focus were what the user does, says, feels and thinks and what will
be the impact of our solution on all of these activities.
Modeling - Models were created based on the findings from previous sub-phases.
The reason to develop these models or mockups was to aid the design, develop-
ment and Usability testing of the Golden Jubilants prototype. These include use
case diagrams (Jacobson 1993), use case tables (Usability.gov 2019c), personas
(LeRouge et al. 2013), pathways (O’Leary et al. 2013), information architecture
(Usability.gov 2019a), sketches (Johansson and Arvola 2007) and wire-frames (Us-
ability.gov 2019d).
3.4.2.4 Develop and Test Prototype
Develop Initial Prototype - The Golden Jubilants prototype was developed
to work on android devices using IBM technologies and was a standard graphical
user interface (GUI).
1
While prioritization is most helpful at the beginning of a project, it’s also worth taking time
to prioritize before an iteration or sprint. This activity may be used to prioritize anything, from




Evaluation of Prototype - The Golden Jubilants prototype Version 1 was
evaluated after development via Usability testing. System usability scale (SUS)
was employed (Brooke et al. 1996) with 20 older adults. SUS provided a reliable
tool for measuring the Usability. It is widely recognised that the SUS questionnaire
has good reliability (Lewis and Sauro 2009). I also used Cronbach alpha (α) to
ensure that the SUS questionnaire was measuring the Usability of the system
effectively. It was developed by Lee Cronbach in 1951 and helps to measure the
internal consistency of the Likert scale survey. Internal consistency means how well
the test measures what it should. It describes the extent to which all the items
in a test measure the same concept or construct and hence it is connected to the
inter-relatedness of the items within the test (Tavakol and Dennick 2011). It was
appropriate because some variables like openness of the participants are difficult to
measure in real life. However, its usage has the ability to test the accuracy of the
designed questionnaire (Cronbach 1951), that whether it is measuring the variable
of interest, which is Usability in this case. Example of good internal consistency
is when respondents answer the same for each question. They agree or disagree
on same questions. SUS consisted of a 10 item questionnaire with five response
options, from Strongly disagree to Strongly agree. A few example SUS questions
are shown in Figure 3.5 and the protocol is presented in Appendix D.
Figure 3.5: Example SUS Questions
The objective of this evaluation was to measure the Usability of the Golden Ju-
bilants prototype developed during the course of this research and to verify the
recommendations used in the system. Moreover, SUS, a structured questionnaire,
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was supported with three semi-structured interview questions in order to gather
qualitative feedback. Two sessions were organized between November 2017 and
April 2018 to collect data until the point of saturation. The average duration of
these sessions was 30 minutes. These sessions followed a three step process:
• OAs were given a detailed explanation of the Golden Jubilants prototype and
instructions about answering the SUS questionnaire. In addition, a user manual,
written in plain English, was provided to every participant.
• The group was split, with some testing a working Golden Jubilants prototype
and others a paper-based Golden Jubilants prototype. The reason for doing
this was that some OAs had access to and were familiar with technology, while
others did not have access to technology. The tech-savvy OAs used the system
and performed basic functions such as registration, signing in, looking at the
volunteer opportunities, adding new opportunities, listening to news and testi-
monials, and creating a to do list. The other group examined the paper Golden
Jubilants prototype that showed the features that will be available to them.
• They answered the SUS questionnaire (Brooke et al. 1996) along with four semi-
structured questions. During this step, OAs asked questions which were an-
swered by the researcher and a moderator. OAs gave suggestions for potential
improvements in the system. Field notes were also taken based on observation
of older adults using the system and their comments.
I used box plot and radar chart to visualise the data generated from the Usability
study. I chose box plot because it helps to display the five-number summary of
a set of data. The five-number summary is the minimum, first quartile, median,
third quartile, and maximum. It allows a graphical display of the distribution
of results and provides indications of symmetry within the data. The reason to
choose radar chart was the help it provides to visualise multivariate data. Multiple
observations can be placed in a single chart by displaying multiple polygons, over-
laying them and reducing the opacity of each polygon. It is effective for visualizing
comparisons of quality data. The variables in the radar chart can be represented
next to each other while still giving each variable the same resolution. Additional
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benefits of radar chart include vivid visualization and ease of use. The Usability
study helped to identify the problems of older adults whilst using the first version
of the application. The recurrent one’s were selected to resolve in the next version.
Develop Updated Prototype - The Golden Jubilants prototype was then mod-
ified to work on android devices using a conversational user interface (CUI). After
completion of development of the second version, a validated set of recommenda-
tions was produced. The overall outcome of this phase was an extended version
of ReDEAP (merged with ReDEAP Version 1), evaluated through inter-rater re-
liability. It was declared as ReDEAP Version 2.
3.4.3 Phase 3 - Understanding Users
During Phase 3 - Understanding Users, a participatory observation study was
designed as shown in Figure 3.6.
Figure 3.6: Phase 3 - Understanding Users
It is a part of a broader research paradigm (Ellis et al. 2000), where the researcher
serves as a primary instrument for observing and collecting data (Creswell and
Creswell 2017). The focus of the third phase of research was to get input of
tech-savvy older adults regarding their expectations about software applications
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in general and smartphone applications in particular. The guidelines of (Creswell
and Creswell 2017) were used to conduct this study. Primarily, there are four kinds
of role a researcher can play whilst conducting participatory observation.
Participant as Observer - Researcher can reveal his/her identity and the pur-
pose of the project and also can participate in the activities of the group.
Observer as Participant - Researcher’s identity is revealed to the participants,
but researcher observes them without taking part in the activities.
Complete Participant - Researcher does not reveal the researcher’s identity
and the purpose of the research and acts as a member of the group to be studied.
Complete Observer - Researcher does not reveal the purpose of his/her activity
and does not participate in the activities of the group.
For the Think Aloud Protocol the Observer as a participant approach was used.
However, for the analysis of ageing forums and mainstream apps for older adults,
the approach Complete Observer was used. The combination of both involvement
and detachment in these data collection methods helped to retain objectivity.
My role was to observe, communicate, and interact with older adults, but not to
perform or aid them in executing the tasks on their mobile apps. I, as a researcher,
remained vigilant to put participants at ease during the think aloud sessions and to
provide a natural setting. Rich qualitative data was generated from these sessions.
I took field notes and made observations while they were performing activities such
as using smartphone applications. Moreover, it is possible in a natural setting to
identify and explore new behaviors, resulting in a much deeper understanding of
the participants.
3.4.3.1 Data Collection Methods
Think Aloud Protocol - The objective of the Think Aloud (TA) sessions was to
understand the expectations regarding smartphone applications of ten tech-savvy
older adults. The distinct set of apps used by OAs during these sessions was 16.
They were given the liberty to choose two smartphone applications of their own
choice, use them, and highlight the good and bad things about them. I, as a







. The average duration of these sessions was 30
minutes, and they were audio recorded and transcribed on the same day. TA is
a tool borrowed from the cognitive sciences (Lewis 1982). There are numerous
variations of this method for Usability evaluation of technology. However, there is
no consensus about the exact procedure to perform these sessions (Dumas 2002,
Lewis 2006). They are usually performed by asking individuals to think out loud
whilst interacting with the system (Nielsen 2012). If the user stops talking for
long, then a gentle reminder is used to prompt him/her to start conversing again.
The other option in to have a pair of users verbalise their thoughts retrospectively
rather than concurrently (Van den Haak et al. 2004). In this research, the Think
Aloud Process of (Clemmensen et al. 2008) was used for conducting the sessions
because it is well established, widely used, and helps in Usability testing as shown
in Figure 3.7.
Figure 3.7: Think Aloud Process (Clemmensen et al. 2008)
Instructions and Tasks - Older adults were instructed about how to interact
with the system and given an explanation of how to think out aloud. In addition,
a pre-specified set of tasks was given to OAs in advance. This means that they
1
Strava lets you track your running and riding with GPS, join challenges, share photos from
your activities, and follow friends. https://www.strava.com/mobile
2
The first podcast app for iPhone that is not only free, but easy for anyone to use. The




had to use applications of their own choice and use one or two key features on
them.
Verbalisation - During the process of performing the tasks, older adults ver-
balised their thoughts. If they stopped talking, a gentle nudge was used to prompt
them, e.g., through asking a question or just saying ‘keep talking’.
Reading the User - Older adults’ behaviour was observed by me to extract
and describe the Usability problems. For example, how do they navigate the app,
what annoys them, what causes deadlock.
Relationship between User and the Evaluator - I attempted to create an
environment in which older adults feel comfortable to make both positive and neg-
ative comments. To achieve this, the venue chosen was a Cafe in the University of
Limerick.
Digital Content Extraction - The second phase to further the understanding
of users was digital content extraction comprised of two sub-phases:
1. Ageing Forums - In order to strengthen the findings about the needs and
wants of older adults who are tech-savvy, data from online ageing forums was col-
lected. The recent trend of qualitative Internet research has resulted in a set of
guidelines to effectively conduct such studies e.g., (Hewson and Stewart 2014), and
I have used the guidelines of (Im and Chee 2012) due to their practical nature.





. The rationale for choosing these two forums was that the number of active
older adults was high, 14 and 17. In addition, the technology section on these
forums was active and recent conversations were observed. I, as a researcher, was
primarily involved in a non-invasive fashion. I extracted 30 threads encompassing
408 posts into an excel sheet for analysis.
2. Mainstream Apps for Older Adults - I investigated apps for older adults
available on the Apple iTunes and Google Play store. The reason was that these
two platforms share a combined market distribution of 82.1% of the smartphone
platforms worldwide. I extracted the description and qualitative feedback pertain-
ing to these apps. The objective of data collection from mainstream apps was to







developed for them. The selection process of 32 applications for older adults and
associated details is provided in Appendix E. Initially, the title, description and
URL of the apps was extracted. I installed these apps on iPhone 6 and a Lenovo
phone. I extracted the reviews, comments, and responses available on the play
stores. I used the apps for 10-15 minutes approximately to finally extract the
key aspects, functional and non-functional, of the app. The qualitative data was
accumulated and merged in an excel sheet as snippets.
3.4.3.2 Data Analysis Strategy
The data generated from the participatory observation study was qualitative, and
I undertook thematic analysis using the steps in Section 3.4.2.2. A total of 24
themes were created. The overall outcome of this phase was a consolidated set
of recommendations. These were then evaluated using inter-rater reliability and
merged with ReDEAP Version 2, which resulted in ReDEAP Version 3.
3.4.4 Phase 4 - Transform to Design Patterns
Once I identified and developed a consolidated set of recommendations as ReDEAP
Version 3, I structured them into a design pattern format as presented in Table
3.2. It defines each heading and what is included in each section. I developed
44 design patterns. While existing literature also provides knowledge about how
to develop applications for OAs, relatively few (Leitão and Silva 2012 and Luna-
Garcia et al. 2015) studies present the outcome in a suitable form. Therefore, my
work is motivated by this lack of a suitable form of knowledge. In addition, I have
used design patterns because they are shown to be beneficial (Prechelt et al. 2002).
• Improve communication between stakeholders through providing a common vo-
cabulary e.g., developers and maintainers.
• Improve programmer productivity and program quality.
• Encourage best practices even among experienced designers.
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Table 3.2: Structure of ReDEAP Design Patterns
Name
Problem A couple of sentences to describe the goal or problem
that is going to be solved with the help of this pattern.
Rationale This section describes the reason to solve the problem
and provides clarity by putting the problem and solution
in context.
Solution This section presents the list of actions that need to be
taken to solve the problem.
Type Identifies the type with to which the pattern belongs
e.g., Usability or Accessibility.




Some patterns have strong relationships to other pat-




The basis of the ReDEAP pattern library is that the
recommendations provided in it should be empirically
grounded. This section provides links to research liter-
ature and snippets from the associated empirical work
from which the pattern is derived. This includes in-
terviews, surveys, Usability study, think aloud, online
ageing forums and apps analysis.
Qualitative evidence suggests that design patterns can aid maintenance, but they
do not appear to help novice designers learn about design (Zhang and Budgen
2011). Also, Bieman particularly observes that: ‘there is very little empirical ev-
idence of the claimed benefits of design patterns and other design practices when
applied to real development projects’ (Bieman et al. 2004). This implies that,
simply using patterns does not ensure good design, they should be used appropri-
ately (Zhang and Budgen 2011). The initial attempt to develop design patterns
was made by Christopher Alexander to document and discuss building architec-
ture design and solutions (Alexander 1977). Design patterns have become popular
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among software developers after the publication of “Gang of Four” (Gamma 1995).
It is defined as:
“A pattern is a structured document comprising of set of pre-defined sections;
this means that all patterns in a given pattern language have the same general
structure, making it easy for readers to find information” (Noll et al. 2014).
There are subtle differences in the structure of the design patterns used in existing
research. My research will follow the format proposed by (Ambler 2000). Because,
this is also used in numerous studies e.g., (Cloutier 2006, Dickie and Forde 2007,
Noll et al. 2014).
3.5 Philosophical Perspectives of Research
Paradigms
Research philosophy refers to a system of beliefs and assumptions about the de-
velopment of knowledge. It defines the process through which data related to a
particular phenomenon should be gathered, analyzed and used (Saunders et al.
2009). A critical aspect of doing research is selecting the appropriate philosophy.
Fundamentally, there are three different types of research philosophy, positivism,
interpretivism, and pragmatism (Orlikowski and Baroudi 1991) and it is impor-
tant to understand the differences between them before choosing any one of them.
Positivist research deals with testing hypotheses; Interpretivist research seeks to
understand the underlying reality; Pragmatic research is a combination of the
positivist and interpretive research in the sense that the researcher draws liberally
from both quantitative and qualitative methods and assumptions (Creswell and
Creswell 2017).
3.5.1 Positivism
If a researcher has a proposition in mind, a hypothesis, based on his/her reading
and wants to test it, this procedure is known as positivism. French thinker Auguste
Comte coined the term and referred to it as a way of systematic thinking in order
to understand and control the world (Comte 2015). Its objective is to produce
general rules that will forecast behavior with a minimal margin of uncertainty.
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Experiments, questionnaires, structured interviews, and comparative studies are
some of the quantitative research methods used in this approach. To avoid bias,
the researcher is not supposed to interact with subjects and must keep facts and
morals separate from inquiry (Hirschheim 1985). However, this approach has some
pitfalls:
• It can only predict the average behavior of individuals in a group (Fisher and
Buglear 2010).
• If the individuals in the study cannot behave as in a naturalistic context, the
researcher might collect incorrect information (Fisher and Buglear 2010).
• Language and cultural differences might adversely impact this research approach
(Travers 2001).
• In addition, a considerable amount of data is often required during the course
of a positivist study (Travers 2001).
3.5.2 Interpretivism
If the researcher has no set hypothesis in mind and wants to explore a new popula-
tion, she/he employs interpretivism (Goldkuhl 2012). Interpretivism, in contrast
to positivism, considers reality as socially constructed. Interpretivist research un-
derstands reality as affected by the researcher’s values and the way she/he sees the
world and other people’s meaning (Fisher and Buglear 2010). Interpretive research
is subjective in nature, seeking to describe, interpret, analyze and understand the
social world through meanings. This type of research is classified as agnostic, as
it does not agree that there is a single correct analysis of any particular subject;
instead, it gives importance to multiplicity, relativity and complexity (Fisher and
Buglear 2010). Interviews and participatory observation are some of the tools used
whilst conducting interpretive research. These tools help the researchers to engage
personally with the subjects, allowing them to collect rich and focused qualitative
data. Interpretivism provides flexibility to the researcher who can follow unex-
pected ideas and to understand them critically by focusing on ‘How’ and ‘Why’
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things happen. It is also useful for smaller samples on some occasions. As every-
thing cannot be measured objectively with a small sample, the results sometimes
are not significant. Moreover, to make sense of results, a new researcher might have
to delve deeply into the values and ways of the thinking of the existing researchers
(Fisher and Buglear 2010).
3.5.3 Pragmatism
Pragmatism is about a constantly evolving experimental reality based on actions.
Pragmatism is similar to positivism, but it considers the subjective nature of
research and the paramount function of values in it (Fisher and Buglear 2010).
Pragmatic research realises that some things can not be measured as pure chemical
or physical processes, but it appreciates any suitable attempts to accomplish this.
As a paradigm, it is driven by consequences. Thus it is essential that the ‘right
questions’ are asked by the researcher who conducts this type of research (Fendt
and Sachs 2008).
Additionally, two types of research approaches, deduction and induction (Saunders
et al. 2009), are important for the development of theory. Deductive reasoning
takes the theory from a literature search and tests this theory to acquire tangible
facts. Inductive reasoning will examine the research questions and allow for natural
development of a conceptual framework from the data. It allows the researcher to
explore the phenomena via data collection and building theory based on the data.
3.5.4 Summary
A careful analysis of these research philosophies and approaches helped me to un-
derstand that my research began with an inductive approach, because I started
without a hypothesis. Later on, both inductive and deductive approaches were
used, as I conducted interviews followed by surveys and a Usability study. In
addition, the interviews and surveys were conducted in a sequential exploratory
fashion during Golden Jubilants prototype development and last phase was qual-
itative. Hence, my research philosophy was pragmatic, where I collected both




In research, as in wider society, older adults are commonly excluded, marginalised
or treated as less than fully competent adults (Coleman et al. 2010). Conversely,
my research work adopted the empowerment model by involving older adults as
active research participants instead of opting for the consumerism model (Carter
and Beresford 2000). My emphasis was on doing research with people, rather than
on/for them. Older adults contributed in various stages of this research process,
from elicitation of requirements to evaluation of the resulting solution. In order
to produce findings that might contribute to the quality of life of the older people
or the quality of the services or products they use, it is essential to involve them
so that they can contribute their own understandings about ageing and service
use, which are often far removed from those of scientists and service professionals
(McKevitt et al. 2005). In order to avoid any difficulties whilst involving older
adults in research, care must be taken to ensure a win-win situation:
• Do not exclude older adults from the research study just for the sake of conve-
nience, as it is unscientific and unethical.
• Do not use proxies/surrogates e.g., carers, friends and family members, to un-
derstand views of older adults except for exceptional reasons, as it is bad science
and unethical.
• Only use acceptable terms and avoid use of stigmatizing labels that associate
older people with frailty and decline.
• Seek informed consent from older adults before their participation in the study.
• The font-size and terminology of the associated documents, information sheet,
and consent form should be appropriate and easy to understand for the study
participants, older adults.
• Do not ask seemingly innocuous questions that might prompt painful thoughts
or memories, and deep distress.
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Lastly, this research project was approved by the Faculty of Science and Engineer-
ing Ethics Committee at the University of Limerick. Informed consent was always
taken from older adults before involving them in any of the studies.
3.7 Summary and Discussion
This chapter described the different phases of this research and discussed their
rationale. This research study was conducted on the basis of evidence that sug-
gested a need to produce research insights in a structured format, design patterns,
to support smartphone application development for older adults. A mixed ap-
proach was used by employing multiple research methods during the course of this
study, allowing me to reap the benefits of both qualitative and quantitative data.
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Phase 1 - Literature Reviews
“If you are not embarrassed by the first version of your
product, you’ve launched too late.”
—Reid Hoffman, LinkedIn
4.1 Introduction
The initial answer to the main research question, “What do developers of smart-
phone applications for older adults need to do to make their applications usable
and accessible for their target population?”, was extracted through Research Pro-
cess - Phase 1, Literature Reviews, as shown in Figure 4.1.
The first step of this phase was to conduct a domain specific literature review on
social network systems (SNSs) for older adults, as shown in Figure 3.2. I read the
primary studies or documents and extracted the problems and needs of older adults
regarding SNSs and built recommendations on how to develop SNSs for OAs. The
second step was to increase the scope of the literature review to cover any types
of smartphone applications for older adults. I read the selected primary studies
to extract, synthesise and classify existing recommendations for development of
smartphone applications for older adults. I hoped to build an initial version of
recommendations and evaluate them using inter-rater reliability.
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Figure 4.1: Research Process - Phase 1
4.2 Domain Specific Literature Review
The key finding of this literature review was that there is a definite increase in the
number of social network systems (SNSs) developed specifically for older adults
since 2005. These SNSs claim to meet their needs and to offer simplicity, ease of
use, privacy and access to useful information. But, information about sustained
use over time is unknown due to many reasons, especially the apparent lack of
the research community’s interest in long-term studies. Analysis of the collective
impact of the growing number of SNSs via this literature review has revealed that
most SNSs are domestic and are developed in native languages, e.g., Chinese or
Finnish. Most of these do not have a global influence. This is partly due to
the finite social range of the elderly and partly due to the different cultures of
different countries (Coelho and Duarte 2015). The key problems of the existing
social networking applications and needs that became evident through conducting
this literature review are:
• It is unclear why motivation of older adults to use SNSs drops with the passage
of time.
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• There is no evidence about the long-term uptake of existing offerings, SNSs, by
older adults.
• Most of the SNSs are developed with local users in mind and none has a global
influence.
• The end users/participants involved during the different phases such as require-
ments acquisition, development or evaluation of these SNSs were mainly females.
• It is unclear whether SNSs have overcome social isolation or are actually a
precursor to reduce social isolation.
• The history of older adults should be known before developing a SNS for them.
• Dual benefit or multi-purpose SNSs should be developed.
• Design efforts to make simple and accessible SNSs should continue.
Although the effects of some of existing SNSs include increased social integration
and inter-generational communication leading to health benefits, these benefits
were only evident for the time of the evaluation study. In order to have a sustained
usage, long-lasting impact and diffusion of SNSs in the lives of OAs, there is a need
to develop further tools with new ideas, e.g., a volunteer hub. Factors like ease
of use and recognition of the possibility of cognitive impairment and loss of visual
acuity need to be kept in mind throughout this research. Additional lessons learned
through the synthesis of the studies in this literature review are:
• By default, the privacy level of applications, SNSs, should be high and easily
demonstrated for the OAs, because this was the most prevalent issue raised in
the existing literature (Campos et al. 2016, Gibson et al. 2010, Hope et al. 2014,
Lehtinen et al. 2009, Xie et al. 2012).
• An effective application for OAs can only be designed by knowing their history,
because they are very heterogeneous with regard to their levels of education,
living arrangements, and previous exposure to technology (Sayago et al. 2007).
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• If OAs are provided with the right opportunities to use new SNSs, this should be
very effective because they are getting increasingly interested in adopting new
technologies (Karahasanović et al. 2009).
• SNSs alone are not the complete solution to overcome social isolation (Harley
et al. 2014). They need to be augmented with community involvement.
• Culture is also an important factor in increasing or decreasing the motivation
towards the use of SNSs by OAs (Michailidou et al. 2015).
• SNSs can be fully adopted by OAs if they are incorporated into daily living
objects which are already used by them, such as a TV, book, lamp (Coelho
et al. 2015) or daily activities such as community involvement.
Moreover, the results of this literature review indicated the need to study and
develop a specialised and inclusive SNSs for OAs. The top themes or requirements
to incorporate in future applications such as SNS also became evident. These in-
clude access to useful information, asynchronous communication, and reduction in
inter-generational gap. This literature review also suggested the need to lengthen
the evaluation period of the newly developed applications e.g., SNSs, because this
can provide more accurate results about adoption and diffusion of the systems in
the lives of OAs. To avoid gender bias, which was observed in existing studies, it
is highly recommended to select subjects in equal numbers or a 60/40 ratio from
both genders. These factors directed my research towards studying the intersec-
tion of older adults and SNSs empirically. The protocol is reported in Appendix
A.
4.3 General Review of Literature
The first version of ReDEAP was derived from the recent studies which have
proposed guidelines specifically to develop ‘accessible’ and ‘usable’ smartphone
applications for older adults only. These studies were selected through conducting
forward and backward snowballing on a base study (Nurgalieva et al. 2019). The
protocol is reported in Appendix A.
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Read and Extract Recommendations - Five selected studies were read care-
fully and the guidelines proposed in these studies were extracted. The number of
guidelines was 150. Three studies (Calak 2013, Silva, Jordan and Holden 2014,
Carmien and Manzanares 2014) were proposing guidelines for Usability, whereas
two (Dı́az-Bossini and Moreno 2014, Mi et al. 2014) were providing guidelines for
Accessibility. Hence, there was a total of 87 (52%) guidelines for Usability and 63
(42%) for Accessibility.
Remove Redundancy and Synthesize Recommendations - These 150
guidelines were then reviewed, compared and synthesized by me and my supervi-
sor. Intra- and inter-redundancy with regard to Usability and Accessibility was re-
moved in these recommendations. After removing intra-redundancy, the number of
recommendations for Usability was 40 (42.55%) and Accessibility was 54 (57.45%),
a total of 94. Moreover, the inter-redundancy removal exercise helped to reach a
distinct set of recommendations, a total of 66. In addition, some recommendations
were merged due to similar goals. An example is the three recommendations below
from three different studies, which were merged into one.
i. Expand size of text and user interface elements (Calak 2013).
ii (a). Enlarge the size of user interface elements in general; Targets should be at
least 14mm square (Silva, Holden and Nii 2014).
ii (b). Make it easy for people to change text size directly from the screen (Silva,
Holden and Nii 2014).
iii. Font-size : 12-14 point (Carmien and Manzanares 2014).
These three were transformed into:
“Expand size of text and user interface elements and allow user to change these
as well.”
Classify Recommendations - As Usability and Accessibility are closely related
aspects (Web Accessibility Initiative WAI 2016), a subset of common recommen-
dations emerged in both categories. These were separated into another set called
Common Recommendations. So, the final distinct set of recommendations for Us-
ability was 19 (28.78%), for Accessibility was 30 (45.45%) and both in Common
was 17 (25.75%). These are presented in Table 4.1.
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Table 4.1: Synthesized Recommendations Extracted from Literature Review
Recommendation Description Source






























































Expand screen size of the smartphone. ✓
Expand size of text and user interface elements and allow
the user to change these as well.
✓ ✓ ✓
Disable inactive user interface objects. ✓ ✓
Present name and task status at all times clearly. ✓ ✓
Leverage mental models familiar to older adults. ✓ ✓ ✓
Avoid the use of interaction timeouts. ✓
Allow user to adjust the position of limb before executing
an action.
✓
Prevent an error than to have a recovery mechanism for it. ✓
Avoid pull down menus in the application. ✓
Provide and make sure that the back button behaves pre-
dictably.
✓ ✓
Support user control and freedom. ✓
Make information accessible through different modalities. ✓
Allow sufficient white space to ensure a balanced user in-
terface design.
✓ ✓
Use font-type: serif or sans serif, Helvetica, Arial or Times
New Roman in the application.
✓
Justify text on the left for left writers. ✓
Use lower cases in the application for trivial information. ✓
Avoid use of keypads on the smartphones. ✓
Use speech speed of 140 words per minute in case of voice
enabled applications.
✓
Prefer male voice in case of voice enabled applications. ✓
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Main Category - ‘Accessibility’
Incorporate alt
1
tags for the images. ✓
Concentrate information mainly in center in the interface
of application.
✓
Use simple, clear and consistent terminology and naviga-
tion in the application.
✓ ✓
Avoid using blue and green tones in the application. ✓
Make the smartphone fit easily into the hands of the user. ✓
Make the smartphone device withstand drops and
scratches.
✓
Prevent slipping in the keys of the smartphone. ✓
Incorporate easily detectable edges in the smartphone de-
vice, to help locate buttons.
✓
Place commonly used buttons e.g., home, volume and
power in obvious or intuitive locations.
✓
Incorporate tactile markers on the phone surface for pri-
mary feedback.
✓
Incorporate high resolution display in the smartphone de-
vice.
✓
Incorporate a display without glare or reflection from the
touch screen.
✓
Determine system status through voice activation. ✓ ✓
Enable voice-activated dialing and text entry in the appli-
cation.
✓
Incorporate assignable or talking ringtones in the smart-
phone device, to identify callers.
✓
Notify errors and correction strategies in the application. ✓
Start-able touchscreen from any position on the screen. ✓
Incorporate an indicator of ringing or a vibrating mode in
the smartphone device.
✓




An alt tag, also known as “alt attribute” and “alt description” is an HTML at-
tribute applied to image tags to provide a text alternative for search engines. Ap-
plying images to alt tags such as product photos can positively impact an e-commerce
store’s search engine rankings https://www.bigcommerce.com/ecommerce-answers/
what-is-an-alt-tag-and-how-does-it-impact-seo/
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Make selections using gliding gestures for direct manipula-
tion in the application.
✓
Incorporate an adjustable delay of button response, to en-
sure that multiple touches can be treated as one touch.
✓
Incorporate reusable commands and gestures, to ensure
consistent interactions across applications and functions.
✓
Present feedback as requested. ✓ ✓
Make the entered character hearable. ✓
Make the names of the items on the screen hearable, as
they are touched.
✓
Selecting an item, should produce a brief, distinct sound. ✓
Incorporate auditory indicators of battery status, signal
strength and roaming in the smartphone device.
✓
Localise the user vibration feedback to the hand or touch-
ing/activation finger rather than vibrating the entire de-
vice.
✓
Use small high-speed adjustments for user vibration feed-
back to provide easily detectable sensation above threshold.
✓
Identification of the status of locking or toggle controls or
keys need to be accessible visually as well as by touch or
sound feedback.
✓
Main Category - ‘Common’
Increase text and image contrast in the application. ✓ ✓ ✓ ✓
Allow users to fine-tune screen brightness and contrast and
the background contrast should not change rapidly.
✓ ✓ ✓
Avoid the use of color to relay information. ✓ ✓ ✓ ✓
Avoid the use of animation and fast-moving objects. ✓ ✓ ✓
Allow users to fine-tune auditory cues and set them to low-
frequency and intensity by default.
✓ ✓ ✓ ✓
Minimize the need to actively monitor two or more tasks. ✓ ✓ ✓ ✓
Create an aesthetic user interface and minimize user inter-
face clutter and avoid extraneous details.
✓ ✓ ✓ ✓ ✓
Use clear text instead of pictorial stimuli to relay informa-
tion.
✓ ✓ ✓ ✓ ✓
Enlarge the size of keyboards, physical buttons and target
areas.
✓ ✓ ✓ ✓
Reduce the demand on working memory by supporting
recognition rather than recall.
✓ ✓ ✓
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Give specific and clear instructions and make help and doc-
umentation available in the application.
✓ ✓
Use simple and clear language, e.g., provide clear feedback
and when presenting error messages make instructions sim-
ple and easy to follow.
✓ ✓ ✓
Avoid the use of scrolling and complex gestures such as
double click.
✓ ✓ ✓
Group information visually. Make good use of color, text,
topics.
✓ ✓ ✓
Use consistent and explicit step-by-step navigation and
user interface elements in the application.
✓ ✓ ✓ ✓
Make links and buttons clearly visible and distinguishable
from other user interface elements.
✓ ✓
Use simple and meaningful icons and words. ✓ ✓ ✓ ✓
4.4 Evaluation of ReDEAP using Inter-rater Re-
liability
Peter Morville’s (Morville 2013) Usability honeycomb and the POUR principles
provided by W3C (W3C 2015) were used to classify these recommendations.
Morville provides seven categories that constitute Usability, in the form of User
Experience Honeycomb (Morville 2013), as shown in Figure 4.2. The Usabil-
ity recommendations were mapped against these 7 categories. Similarly, POUR
(Perceivable, Operable, Understandable, Robust) principles were used to map the
Accessibility recommendations. The set of common recommendations was coded
as Usability because it offers much finer classification than Accessibility.
Three researchers, me (R1) and my two supervisors (R2, R3), coded these three
sets of recommendations separately. A short description of each category was
provided to all researchers with a header of each category to ease the process of
coding. The objective was to have a high level of reliability for coding. In order to
measure the inter-rater reliability, inspiration was taken from (Krippendorff 2018)
and Cohen’s Kappa was used. This was measured for the three researchers. The
standard formula was used that calculates the value of Kappa (κ) as the difference
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Figure 4.2: User Experience Honeycomb (Morville 2013)
of the simple agreement among raters (Pr(a)) and the likelihood that agreement
is attributable to chance (Pr(e)) divided by the difference of the total number
of rated items (N) and the likelihood that agreement is attributable to chance




The first round of coding produced moderate to substantial agreement between
R1 and R2, in comparison with R1 and R3. The Cohen Kappa (κ) for Usability
and Accessibility crossed 0.55 for half of the cases. For the rest, the Cohen Kappa
(κ) was as low as 0.157. Therefore, a second iteration was done, in which more
detailed definitions were provided to all the three raters in order to increase the
inter-rater reliability. This second iteration showed a clear improvement in the
value of Cohen Kappa (κ) between R1 and R2 and between R1 and R3 in more
than 90% of times. The values of Cohen Kappa (κ) for these two iterations for
three categories and all raters are shown in Table 4.2. The average scores of Cohen
Kappa (κ) between three raters crossed 0.654, which was above the set threshold
of 0.61. The ‘+’ sign indicates increase from the previous version and ‘-’ sign shows
decrease. Only for the case of Usability, there was a slight decrement in Cohen
Kappa’s value, but it was not significant, as it was above the set threshold.
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Figure 4.3: ReDEAP Version 1 (showing subset of recommendations)
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Table 4.2: Cohen Kappa for ReDEAP Version 1 – Two Iterations of Coding
Raters R1 and R2 R1 and R3
Category — Versions V1 V2 V1 V2
Usability 0.730 0.724 (-) 0.157 0.932 (+)
Accessibility 0.551 0.646 (+) 0.513 0.608 (+)
Common 0.217 0.594 (+) 0.165 0.733 (+)
Usability 0.499 0.654 (+) 0.278 0.757 (+)
ReDEAP Version 1 was developed after evaluation of these recommendations as
shown in Figure 4.3. Two recommendations of each category were chosen to be
shown in the figure, where preference was given to those with complete agreements.
Surprisingly, the sub-categories of Usability (1.6) and (1.7), ‘Useful’ and ‘Valuable’
have no recommendation mapped to them. This indicates a gap in the focus of
the existing recommendations towards Usefulness and Valuable aspect to develop
smartphone applications for older adults. There is a need to pay attention to the
useful and valuable aspect of Usability in the future.
4.5 ReDEAP Version 1
ReDEAP is a set of recommendations presented in the form of a model that puts
emphasis on the considerations that should be observed in order to design usable
and accessible smartphone applications for older adults (see Figure 4.3). ReDEAP
has two broad goals, ‘Usability’ and ‘Accessibility’ for the ageing population. These
goals are differentiated into specific sub-goals that define broad categories of prac-
tice that lead to the parent goals. Finally, the sub-goals have one or more recom-
mendations that specify detailed actions to be taken. In total, ReDEAP Version
1 has eleven - 9 with recommendations, 2 without recommendations-specific sub-
goals and 66 recommendations. However, a maximum of 2 items are shown in
Figure 4.3 for each category. These are derived from Table 4.1 and full set is
presented earlier in the table. The first goal, ‘Usability’, consists of five specific
sub-goals:
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1.1. Usable - To achieve Usability in smartphone applications for older adults,
text should be preferred over pictures and graphics. In addition, documentation
should be provided with precise and clear instructions as to how to use the appli-
cation.
1.2. Desirable - To make the smartphone application attractive or desirable for
older adults, sufficient white space should be used between components to have a
balanced user interface. Moreover, the easily readable font types Serif or Sans-serif
should be used.
1.3. Findable - In order to ease navigation to information for older adults,
any in-active components should be disabled so that interaction with them is not
possible. In addition, consistent menus and sub-menus should be used for different
interfaces of the application.
1.4. Accessible - To cater for older adults with some sort of disability such as
diminished visual acuity, hearing loss or diminished manual dexterity, make the
application functionality usable without the need of keypads, whether virtual or
physical. Furthermore, the size of targets such as buttons should be large.
1.5. Credible - To help older adults trust the smartphone application, rigor-
ously test the ‘Back’ button and make sure it behaves predictably. In addition,
the achievement of a goal or functionality should be designed as steps that make
it possible to avoid error occurrence, rather than prompting users to modify their
input and recover from it.
Recommendations to develop smartphone applications that meet a need (1.6.
Useful) and deliver profits to the company or the user (1.7. Valuable) were
missing in the existing studies. This lack need to be addressed in the subsequent
versions of ReDEAP.
The second goal, ‘Accessibility’ for ageing population consists of four sub-goals
which can be achieved through following these recommendations:
2.1. Perceivable - To make smartphone applications that make it possible for
older adults to identify content via their senses, the text entered by them should be
repeated loudly in a pleasant and natural low-frequency voice. Similarly, vibration




2.2. Operable - To allow older adults to successfully use controls like buttons,
the smartphone should easily fit into the hands of the user. Moreover, the older
adult should be able to cancel the selection.
2.3. Understandable - The smartphone application can be made comprehen-
sible and easy to remember for older adults through keeping all the necessary
information in the center of the interface rather than in the corners or bottom.
Likewise, the device, screen layout, navigation and terminology used should be
simple, clear and consistent.
2.4. Robust - To make the smartphone application work irrespective of the
device operating system, make sure the images in the application have ALT tags
1
.
This means that if the image is not visible due to issues like resolution or space, a
replaceable text or caption should appear. In terms of hardware, a display without
glare or reflection from the touch screen should be used.
4.6 Summary
This chapter presented the results of a domain specific review of social networking
applications and general literature concerning smartphone applications for OAs. It
also presented the derived recommendations. A total of 66 recommendations were
classified to achieve the two main goals of this research, ‘Usability’ and ‘Accessi-
bility’ for older adults. Finally, the results of evaluation of these recommendations
using inter-rater reliability are presented as ReDEAP Version 1. The key conclu-
sions of this chapter include discovery of the need to conduct an empirical study
about smartphone apps with OAs and to come up with ‘Useful’ and ‘Valuable’
recommendations. There is a need to focus on these two categories in the future.
1
An alt tag, also known as “alt attribute” and “alt description” is an HTML at-
tribute applied to image tags to provide a text alternative for search engines. Ap-
plying images to alt tags such as product photos can positively impact an e-commerce





“Research is to see what everybody else has seen, and to
think what nobody else has thought.”
—Albert Szent-Györgyi
5.1 Introduction
This chapter presents the results of Research Process - Phase 2 and 3, Prototype
Development and Understanding Users as shown in Figure 5.1. It extends the
recommendations for developing smartphone applications for older adults empir-
ically. Additionally, barriers to and motivators towards adoption of smartphone
applications are described through the results of interviews and surveys. I also
discovered and presented the current level of usage of smartphones and associated
applications by older adults through survey data.
5.2 Phase 2 - Prototype Development
This Phase used the findings of the literature reviews, ReDEAP Version 1, for
Prototype Development as described in Chapter 4. Figure 3.3 shows the different
sub-phases. It extends the answer to main research question and answers sub-
questions RQ1 to RQ4 outlined in Section 1.4. It started with data collection using
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interviews and surveys. The data collection through these instruments led to the
development of a Preliminary ReDEAP. Design thinking was then used to divide
and prioritise the requirements for the development of Golden Jubilants prototype.
Modeling was done to aid the development of the system. This led to development
of a Prioritised ReDEAP. These recommendations were then used to develop an
initial Golden Jubilants prototype. Its objective was to help older adults find and
provide or receive volunteer services from other older adults in their community. It
also included additional features such as news room, testimonials, to do list. The
Golden Jubilants prototype was evaluated using System Usability Scale (Brooke
et al. 1996). The findings of the Usability study were used to develop an updated
Golden Jubilants prototype. This led to the development of a Validated ReDEAP.
These recommendations were then evaluated using inter-rater reliability. ReDEAP
Version 1 was merged with these recommendations to produce ReDEAP Version
2.
Figure 5.1: Research Process - Phase 2 and 3
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5.2.1 Interviews
The purpose of the interviews was to identify the potential barriers interfering
with and the motivators towards the use of smartphone applications, e.g., social
network systems, for older adults. In addition, the intention was to understand
the attitude of older adults towards technology and extract and accumulate func-
tions that should be met by a smartphone application to make it usable by and
accessible for them. The demographic breakdown of older adults who participated
in semi-structured interviews is shown in Table 5.1. Thirteen OAs participated
in interviews who had English as primary language and access to basic technol-
ogy such as landline or old mobile phones. One of them did not have access to
Internet, as she was living in a rural area. The participants median age was 63,
and nine out of 13 were females. Eleven were fully or partially retired. They
were asked questions about the kind of technology they use and the underlying
reasons. What can motivate or demotivate them towards using technology? What
do they require from a Golden Jubilants prototype, a social volunteering network
system for them? The protocol and questionnaire for interviews is available in Ap-
pendix B. The collection of data from these participants helped to generate a four
high level themes, “Barriers to Adoption of Technology”, “Potential Motivators
to Adoption of Technology”, “Attitude towards Technology” and “Expectations
from Volunteering”. Fourth theme was not directly answering the research ques-
tions, that is why it is no presented here. The by-product of interviews was the
elicitation of requirements for a Golden Jubilants prototype, a social volunteering
network system for older adults.
5.2.1.1 Barriers to Adoption of Technology
There were several kinds of barriers towards adoption of technology reported by
older adults during the interviews. These are divided into eight categories:
Personal Preferences - Firstly, different older adults have different preferences
regarding the use of technology. Some stick to the old phones while some prefer to
use the latest technologies such as Facebook and Whatsapp. An example of this
is OA12, who prefers Whatsapp for texting even though he knows that there are
several other options available. Here is what OA12 said during the interview:
“I just prefer the phone for texting and Whatsapp. I do Whatsapp.” - OA12
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Table 5.1: Demographic Breakdown of Interviews Participants
Interviews Participants Demographics (n= 13)
Gender 4 Males, 9 females
Age Range = 52 to 75, Mean= 63, Median= 63, Mode = 65,
Standard Deviation= 6.28
Primary Language English
Work Status 6 Fully Retired, 5 Partially Retired, 2 Working








5 Alone, 8 With Partner or Family
Health Status (Self
Reported)
3 Could be better, 1 Ok , 4 Good, 5 Excellent
Residence 3 Rural, 10 Urban
Access to Basic
Technology
13 Yes, 0 No
Access to Internet 12 Yes, 1 No
Volunteering done
in past
11 Yes, 2 No
Infrastructure - It includes external factors that impede access to technology
for older adults. A particular cohort of older adults facing these issues are those
who live in remote and rural areas. Older adults have emphasized during the
interviews that they face signal problems so they opt for the old land line phone for
communication. As this was out of the scope of this research that focuses on issues
solely at the intersection of software engineering technology and Human Computer
Interaction, therefore, this theme was not investigated in-depth and specifically.
Also, it was obvious that issues such as sporadic internet access, culture and socio-
economic status, social dynamics will impede the use of technology for everyone,
so it is not considered as a novel finding (Edwards et al. 2011, Armenta et al.
2012). The centre of attention was the technology i.e., smartphones, and what
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are the technical issues impacting the usage, whether it is personal preferences or
difficulty in operation. Examples of what older adults said during the interviews
are:
“The one thing I have to say is that we do not have good signals where I live.
Outside the signal is not good. The signal could be very bad here.” - OA1
“I chose the landline today to do this interview with you because it means the
line is more solid, sometimes it gets static in the mobile, can’t hear when somebody
is speaking.” - OA10
Costs - They are also one of the important issues which act as a barrier towards
adoption of technology. Some older adults report that they do not have enough
means to buy a laptop or internet connection. Here is what OA8 and OA12 said
during the interviews.
“My laptop is broken, can’t afford a new one and the main computer at home
is broken, so I don’t use it at all.” - OA8
“It’s quite long time since I have used email on the phone. But I don’t have
much data on my phone, so that’s the reason.” - OA12
Behavioural - It is also interesting to know that some participants considered
themselves inherently lazy and that led them towards non-adoption of technology.
Furthermore, one of them said that if someone else does not behave well on the
system, this will cause her not to use the system. A couple of snippets from the
interviews are outlined below.
“I am just lazy, generally the emails on the phone, I could do that.” - OA12
“Arrogance would be the only thing.” - OA9 said this about other users of the
Golden Jubilants prototype who may appear arrogant when they interact with this
participant.
Health Related - A couple of things that emerged during analysis of the in-
terviews were that older adults with vision problems expect a larger font size on
technology and daily living objects, which if not available leads them towards
avoiding such things. Here is what OA7 said in this regard:
“Oh. I have vision difficulties. I do notice that some, just as an example the
grocery and I can’t always read the font pretty good with my glasses, but I don’t
know if there is a need, probably there is a need for large type, large print.” - OA7
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Another issue that was very specific to our system was that older adults would
be highly motivated to use this newly developed system in case of getting sick
or requiring aid. OA3 said that if she became unwell and no one is physically
available, than she will look at this system to find out if someone is available for
providing a lift to a hospital.
“If I became unwell and there was not a friend nearby, then I would use the
system.” - OA3
Difficult to Operate - Some older adults have expressed concerns related to the
complexity of existing technology, due to which they avoid it. Here is what OA2
said during the interview advocating the need for simplicity in the technology.
“From my own experience that people of a certain age find it very very difficult
if they have not used computers. You know working life and even to do the simplest
of the things like banking more of it has been forced online and if the children have
gone to the other end of earth, as they do these days.” - OA2
Technical Issues - Some issues can be solved by designing and developing ap-
plications that factor in the input of older adults. These issues are recurrent and
are mentioned in the literature as well; privacy, confidentiality, vulnerability. A
few examples of what older adults said during the interviews include:
“I don’t want somebody else to know that this lady took me to the doctor.” -
OA3
“If I wasn’t sure that it was confidential or If I thought she was going to talk
about I took OA3 to the doctor. You know, so that would have to be very secure in
a small community.” - OA3
“I don’t want to be made an offer by somebody with whom I am not comfort-
able.” - OA5
Lack of Knowledge or Experience - Older adults did not usually have expe-
rience or knowledge about the current trends and advancements in the technology.
For example, during the interview, when I mentioned a voice recognition feature
in the proposed system, OA12 said:
“Oh, I will be interested but I have never used that. Never done that.” - OA12
Lack of knowledge regarding current technologies was also observed in OA12,
when she responded to the question about whether she would want anything new
or not.
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“I don’t know that I could imagine anything, there might be something better
than that but I don’t know, I don’t know.” - OA12
5.2.1.2 Potential Motivators to Adoption of Technology
Two main kinds of motivation, extrinsic and intrinsic (Hennessey et al. 2015), were
observed in the participants during the interview sessions. The key motivators that
were identified upon analysis of interviews were increased information, a specific
and good system, inclusiveness, training, and monetary benefits.
Increased Information - It has been established during the interviews that
there is a lack of information provided to older adults about current initiatives
that try to overcome their problems. If more information is provided, they might
be using the new technologies more. In addition to that, if the technology itself
is a source of information that would increase the motivation of older adults. A
couple of statements which older adults made regarding this during interviews are:
“Yeah, more information will be great, that’s the main thing, yeah, if there was
an easy website, I would be on it tomorrow.” - OA12
“I love to learn and discover new things so that would be my motivation to use
those devices.” - OA7
Specific and Useful System - OA12 said that she would be highly interested
if there is a really good website based on the area where she is living. This would
increase her interest.
“To me, just is some sort of a really good website based in this area probably I
would be much interested.” - OA12
Inclusiveness - Older adults also want inclusion of other generations within the
system to enhance inter-generational interaction. One of the older adult said that:
“I don’t want to exclude people from an organization, if you had a website, I
would not want to exclude people, would not want people to say, oh that’s only for
older people.” - OA12
Training - There were quite a few of the participants who stated that if initial
training is provided that would increase their understanding and motivation to use
the system. One of the older adult said that confidence to use technologies can
only come through training. Here is what OA5 stated during the interview:
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“It really is a matter of confidence, and confidence comes from training.” -
OA5
Privacy and Confidentiality - Older adults were really concerned about their
privacy, confidentiality and safety online. They did not want to be contacted by
strangers who might put them in a trap. They wanted software applications to
have built in mechanisms to filter spam. Here is what OA8 said about her concerns
regarding privacy and safety.
“If I am online and I am bidding at something with somebody else on Facebook,
there are lots of sites on there you can bid at and they are local and say, if they call
me through messenger which gives them a picture of me, I find that I am shying
back from it, I’m like I don’t want to do this, and I’ll not get off, and then they
ring again and I am even more scared now, because I really don’t want to talk to
them one on one, and I am like what the hell is that about?” - OA8
Another older adult indirectly showed her motivation would increase to use
software applications such as SNSs, if they keep their details private and confiden-
tial:
“I suppose the big one that applies to everyone is the confidentiality and how
your data is stored.”- OA4
Source of Enjoyment - Older adults get motivated by technology such as smart-
phone applications that serve as a source of enjoyment for them and others. This
could be a system to get them integrated in the community through involvement in
fun-related activities. One of the older adults gave the following statement about
his past experience with a system:
“I enjoyed actually, how will I say it, doing something that gives joy to other
people.” - OA10
Sense of Purpose - When I asked older adults about a system that can help
them volunteer in the community, older adults were really motivated and showed
appreciation for such a type of software applications. Here is what OA5 said about
using the system for volunteering.
“Well, you get satisfaction, yeah personal satisfaction, that’s the reward and
most importantly the sense of meaning.” - OA5
Other older adults commented that a system that gives them a sense of purpose by
means of an activity like volunteering is a really brilliant and wonderful idea. They
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said that they would definitely use it as a liaison between them and the community.
Moreover, most of the participants expressed their lack of interest in financial
gains or fame from volunteering using the Golden Jubilants prototype, a social
volunteering network system. Nonetheless, one of the older adults highlighted a
very important point regarding monetary benefits. Even if they are nominal, they
can increase motivation to use the system.
5.2.1.3 Attitude towards Technology
Favorite Technology - Different older adults stated different kinds of favorite
technologies based on their circumstances and individual preferences. Some of
them were interested in old style telephones that give them a sense of person-
alization, some liked Whatsapp as they can talk to their family members living
abroad, some liked iPad due to its portability. A few example quotes that depict
the favorite technologies of older adults mentioned during the interviews are as
follows:
“Telephone, because I think it’s more personal. Bits and pieces in text and
emails can be misinterpreted.” - OA2
“Probably Whatsapp. Because I have a daughter living in Australia and that’s
the easiest and the most cost-effective for her. And I have another daughter living
in the UK. So the same thing. Because it’s user friendly. Once Wi-Fi is available,
its successful and its free charge both for myself and for my children.” - OA4
“Ipad is my favorite because of Accessibility, it is cable free, its wireless and
portable.” - OA8
“I choose the land line today to do this interview with you because it means the
line is more solid, sometimes it gets static in the mobile, can’t hear when somebody
is speaking.” - OA10
Proposed Prototype System - I also tried to explore the attitudes of older
adults towards my proposed Golden Jubilants prototype system using Sketches
(Figure G.12) and Wireframes (Figure G.13). Some of the keywords that show
the response of older adults regarding this system include interesting, healthy,
wonderful, excellent, gives sense of meaning. Examples of what older adults said
during interviews are:
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“Just when I read it. I just thought that’s very interesting. And You know.
And also I know it’s nice to do different new things.” - OA1
“I find it very healthy.” - OA1
“The idea is wonderful.” - OA4
“I think it’s excellent, I think it’s a great way for building community.” - OA5
To summarize, conducting semi-structured interviews with older adults helped
to understand their attitudes and the potential barriers and motivational factors
towards technology. The top skills of older adults, which they can use whilst using
the proposed system, are shown in Figure 5.2. Moreover, a set of recommendations
to develop the Golden Jubilants prototype were elicited during the interviews.
Before starting to develop the Golden Jubilants prototype, it was necessary to
reach a consensus on the modality of the system. Modality is defined as the
method the user will use to interact with the system (Karray et al. 2008). The
obvious options were desktop, web based, or mobile based system. Each of these
have their strengths and weaknesses. However, there is an apparent increase in
mobile phone adoption by older adults in comparison with other types of systems
(Genc-Nayebi and Abran 2017). I therefore surveyed a wider and larger group of
older adults to ask them about their mobile phone usage.
Figure 5.2: Skills of Older Adults
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5.2.2 Surveys
The primary objective of the survey was to augment and strengthen the findings of
the semi-structured interviews using additional evidence. Emphasis was put on the
type of devices older adults were using, Android, Web, or iOS based. Attention was
also paid towards expectations of older adults for a system that provides healthcare
information as well. I also wanted to highlight the likes, dislikes, and expectations
of a larger sample of OAs about smartphones applications and to discover any
possible correlation between demographics and their uptake of smartphones. The
details of the demographic breakdown of older adults who participated in an online
survey are shown in Table 5.2. 202 OAs participated in the survey who had English
as primary language and access to basic technology such as landline, mobile phones
and desktop with email. Participants were aged between 50 and 86. 124 out of
202 OAs were females. 70 OAs were living in rural areas and 132 in urban areas.
Thirty questions (demographic, open and closed ended) were asked from older
adults. These include the type of mobile phones they possess, frequency of usage
of particular features, time spent using mobile phone, any wearable they use. The
protocol and survey questionnaire is shown in Appendix C. I used three indepen-
dent variables to check against the frequency of mobile phone adoption - residence,
education and living arrangements. Figures 5.3, 5.4 and 5.5 depict the smoothed
kernel density estimation (KDE
1
) curves that show the distribution of hours per
week spent by OAs using mobile phones. If someone reported a range e.g., “4 to
6 hours” – their vote is scaled down and evenly distributed over that time range.
OAs with no educational qualification spent less time each week using a mobile
phone than someone possessing any level of schooling or a degree. The majority
of OAs spent zero to two hours on their mobile phones, while the number of OAs
using the mobile phone for four to six hours was less. This implies limited use of
mobile phones by most OAs, putting them into the non-tech savvy category. The
number of OAs spending eight to ten hours on their mobile device increases, as
depicted in Figures 5.3 and 5.4. This reflects the small number of tech-savvy OAs.
1
In statistics, KDE is a non-parametric way to estimate the probability density function of
a random variable. Kernel density estimation is a fundamental data smoothing problem where
inferences about the population are made, based on a finite data sample.
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Table 5.2: Demographic Breakdown of Survey Participants
Survey Participants Demographics (n= 202)
Gender 78 Males, 124 females
Age Range = 50 to 86
Primary Language English
Work Status 61 Fully Retired, 36 Partially Retired, 92 Working, 13
Other








41 Alone, 161 With Partner or Family
Health Status (Self
Reported)
11 Could be better, 19 Ok , 91 Good, 80 Excellent, 1
Bad
Residence 70 Rural, 132 Urban
Access to Basic
Technology
202 Yes, 0 No
Access to Internet 201 Yes, 1 No
Volunteering Done
in Past
153 Yes, 49 No
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Furthermore, I also noted that this increase is irrespective of the education level.
This led me to infer that there were two main categories of OAs in my sample,
those who use mobile phones minimally for communication only, non tech-savvy,
and those whose mobile phones are an integral part of their lives, tech-savvy. One
unexpected finding was that younger OAs living in rural areas were using mo-
bile phones more than those younger OAs living in urban places. This could be
due to lack of physical access to other people in remote villages to have personal
interaction. In addition, people living with extended families were spending sig-
nificantly longer amounts of time on mobile devices than other groups. These
findings supported that demographics have an impact on mobile phone adoption
by older adults.
Figure 5.3: Correlation of Residence with Mobile Phone Adoption
Figure 5.4: Correlation of Education with Mobile Phone Adoption
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Figure 5.5: Correlation of Living Arrangements with Mobile Phone Adoption
Furthermore, Figure 5.6 illustrates that OAs in my sample were using android-
based mobile devices more than any other type of mobile phone. In addition,
Figure 5.7 reveals that the top mobile phone activities which OAs of different
age groups performed include calling, texting, group chatting, sharing photos and
videos and managing daily activities. The majority, 76%, of OAs, had access to the
internet on their mobile devices, which is helpful when using wearable technology
such as keeping track of OAs’ activities. But, there were still very few OAs, as
shown in Figure 5.8, who were familiar with wearables such as Fitbit.
Figure 5.6: Type of Mobile Phone Used by Older Adults
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Figure 5.7: Frequency of Top Mobile Phone Activities by Older Adults of Different
Ages
Figure 5.8: Percentage of Older Adults Using Wearables like Fitbit
To understand the implications of this observation, further research is needed,
research that is beyond the scope of this research and survey. However, one finding
of this research was that 61% of OAs showed interest in such devices. I also
asked OAs for any additional comments which they would like to make about the
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system which I was developing. They understood its importance and expressed an
interest in it. But, they highlighted privacy as their primary concern even without
prompting. An OA said:
“I’d have privacy concerns about an app that went deep into health and fitness!”
The findings of this survey revealed the need to develop android based apps for
older adults that incorporate health-related features. These results can also be
used by practitioners to develop other effective mobile-based applications for OAs.
They only need to incorporate the features most liked by OAs, such as information-
seeking and communication, along with the key non-functional requirement, pri-
vacy. This was in line with literature (Nef et al. 2013, Xie et al. 2012), which states
privacy concerns of OAs relating to mobile devices as: constant monitoring, col-
lection and dissemination of private information, proliferation of unregulated apps
in the market and lack of self-efficacy of OAs to use these devices. Currently, the
wearables and devices deployed in homes of OAs give them a sense of continuous
monitoring and can cause distress and resistance to use. This can be addressed
by making these devices work for a fixed duration and location where OAs are
comfortable. The license agreement should be short and written in clear language
informing OAs about how their data will be used, instead of the current format
which is long and complex. Unregulated apps are the biggest threats to data
breaches, which can be resolved by providing OAs with information and devising
new standards. One to one sessions should be conducted with OAs to enhance
their self-efficacy, so that they can manage their privacy on their own whilst using
mobile devices. Also, the inherent heterogeneity of this age group needs to be
kept in mind whilst developing any kind of system for them. As a start, android
platforms should be considered, as they are inexpensive and widely used by OAs
as indicated by the results of my survey and existing literature. In my project, I
aimed to follow these findings to develop Golden Jubilants prototype, a mobile-
based social volunteering network system, that suggests volunteer opportunities to
OAs within the community. The objective was to keep OAs connected with com-
munities and avoid problems of social isolation by using this form of technology
as a mediator.
This survey along with interviews conducted earlier revealed the current practices,
preferences and expectations of OAs with regard to mobile devices, especially
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mobile phones and wearables. Several inferences were also made concerning mobile
phone usage based on independent variables such as education, residence and living
arrangements. In conclusion, OAs generally possess mobile devices with data
plans. They are willing to use new applications and systems if they are designed
for and with them and ensure privacy.
5.2.3 Preliminary ReDEAP
Table 5.3 depicts the count of raw, synthesized and distinct sets of recommenda-
tions derived from the empirical study, interviews and survey, with OAs.







Interviews 36 26 Make the app simple to manoeuvre, ex-
tracted from transcript of OA1.
+
Provide the information on the app in a sim-
ple way, extracted from transcript of OA7.
=
“Use simple layout in the application.”
Survey 100 72 Reduce or avoid advertisements.
+
Remove all content not necessary to function,
Advertisements.
=
“Remove unnecessary content, Reduce or
avoid advertisements.”
It also provides examples of how several guidelines were merged into one for em-
pirical work. This set of recommendations was collectively called the Preliminary
ReDEAP and the complete set is available in Appendix F, because of its length.
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Although the next data collection phase was a Usability Study, this phase de-
pended on modeling, design thinking, and development of the first version of the
Golden Jubilants prototype, a social volunteering network system.
5.2.4 Design Thinking
The purpose of design thinking workshop was to divide and prioritize the require-
ments for Golden Jubilants prototype. In addition, the aim was to outline the
primary and secondary stakeholders. I also aimed to examine the as-is and to-be
scenario before and after the Golden Jubilants prototype is used by older adults.
The demographics of participants of the Design Thinking session are presented in
Table 5.4. A manager, mobile lead, data scientist and myself participated in the
session. I along with other workshop participants opted for a standard feasibility
chart, also known as a Priority Grid
1
to map the requirements of the resulting
solution.
The primary outcome of these sessions was the prioritization of requirements into
four categories; No Brainers, Utilities, Not Wise Use of Time, and Big bets. The
feasibility chart used during the design thinking workshop is shown in Figure 5.9.
In addition, the potential stakeholders of the Golden Jubilants prototype were
identified, profiled and classified into two main categories, primary and secondary.
There was only one type of primary stakeholder, older adults. The secondary
stakeholders were community members, friends and family members, and volunteer
organizations. Figure 5.10 depicts the profiles and goals of these stakeholders.
We also examined the as-is and to-be scenario after the solution is used by the
stakeholders. The key parameters of focus were what the users do, say, feel and
think and what will be the impact of the solution on all of them. Figure 5.11
gives a glimpse of the thought process for As-is and To-be scenarios, that we used
during the workshop.
1
While prioritization is most helpful at the beginning of a project, it’s also worth taking time
to prioritize before an iteration or sprint. This activity may be used to prioritize anything, from
ideas generated in big-idea vignettes to user stories in your backlog. https://www.ibm.com/
design/thinking/page/toolkit/activity/prioritization
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Table 5.4: Demographic Breakdown of Design Thinking Participants
Design Thinking Participants Demographics (n= 4)
Gender 4 Males, 0 females
Age Range = 25 to 45
Primary Language English
Work Status 3 Working Full Time, 1 Research Student
Marital Status 2 Married, 1 Single, 1 In a Relationship
Educational
Achievements
2 Third Level, 1 Masters, 1 PhD (in progress)
Living Arrange-
ments







4 Yes, 0 No
Access to Internet 4 Yes, 0 No
Profession 1 Manager, 1 Mobile Lead, 1 Data Scientist, 1 Doc-
toral Researcher
Figure 5.9: Feasibility Chart used During the Design Thinking Workshop
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Figure 5.10: Stakeholder Profiling
Figure 5.11: As-is and To-be Scenario
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5.2.5 Modeling
The objective of model generation was to aid the prospective phases; design think-
ing, development of system, and Usability study. The use case diagrams (Jacob-
son 1993), use case tables (Usability.gov 2019c), personas (LeRouge et al. 2013),
pathways (O’Leary et al. 2013), information architecture (Usability.gov 2019a),
sketches (Johansson and Arvola 2007) and wire-frames (Usability.gov 2019d) are
presented in Appendix G.
5.2.6 Prioritised ReDEAP
Table 5.5 shows the prioritised version of recommendations developed after com-
pleting the modeling and design thinking sessions. This version helped to focus
on particular features whilst developing first version of the Golden Jubilants pro-
totype.
Table 5.5: Prioritised ReDEAP
Category Recommendations / Requirements
No Brainers • Include vetting feature in the application via friends
and family members.
• Provide a feature to request volunteer services.
• Allow to view existing requests for volunteer services.
• Allow to add new volunteer services.
• Incorporate a feature for daily routine planning.
• Allow to give rating to the provider or receiver.
• Add a feature that shows the achievements.
• Add a feature to assign badges or stars to the users
based on their usage of the application.
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Big Bets • Allow voice enable interaction with the application
like Siri or Alexa.
• Add testimonials of existing users.
• Block and report malicious and anti-social users.
• Add a feature to conduct group volunteering.
• Add a feature to track the users via GPS.
Utilities • Add a feature that allows access to local and interna-
tional news.
• Connect the application with social media profiles.
• Allow users to edit the profile.
• Add multiple parameters to filter the volunteer ser-
vices such as interests, specific location, domain.
• Incorporate a Save Our Souls (SOS) feature.
Not Wise Use
of Time
• Grant physical rewards / certificates to the user upon
completion of certain services through the application.
• Incorporate a step counter feature in the application.
• Incorporate additional health tracking features in the
application.
• Incorporate emotions/sentiment analysis in the appli-
cation.
• Verify the identity of the users through accessing gov-
ernment services / database in the application.
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5.2.7 Develop Initial Prototype
ReDEAP Version 1 and the artefacts produced during previous phases were used
to develop Version 1 of Golden Jubilants prototype. Figure 5.12 depicts a graphical
user interface (GUI) showing main features of the application and details of the
volunteer opportunity accessed by using the contact me button. The remaining
interfaces are presented in Appendix H, which includes user registration, login,
home page, achievements dialog, add opportunity page, contact provider/receiver
dialog, testimonials page, news room page and a to do list page.
Figure 5.12: Volunteer Opportunity Details - GUI
The high level architecture of Version 1 of Golden Jubilants prototype is shown
in Figure 5.13. The front-end/client side of the application was written using
Java/Android, while the server-side code was written using Node.js. The calls to
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Figure 5.13: Architecture of Version 1 of Golden Jubilants Prototype
API’s
1
and the database, Watson Services and IBM Cloudant DB, were made via
the server side code and the output returned to the client side on the android
application of the older adult.
5.2.8 Evaluation of Prototype
The objective of this evaluation was to measure the Usability of the Golden Ju-
bilants prototype developed during the course of this research and to verify the
recommendations used in the system. Moreover, system usability scale (SUS),
a structured questionnaire, was supported with three semi-structured interview
questions in order to gather qualitative feedback. The demographic breakdown of
older adults who participated in the evaluation/ Usability study, is shown in Table
5.6. 20 OAs participated during the Usability study who had English as primary
language. 14 had access to basic technology such as landline or old mobile phones,
while six of them did not possess smartphones. Their age range was between 55
and 80, and 11 out of 20 were females. 14 were fully and six were partially retired.
The findings of the data collected from these participants regarding the first ver-
sion of the Golden Jubilants prototype indicated a good level of Usability of the
1
An application programming interface is an interface or communication protocol between
different parts of a computer program intended to simplify the implementation and maintenance
of software. https://en.wikipedia.org/wiki/Application_programming_interface
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proposed system. The features that made Golden Jubilants prototype useful for
OAs included the ability to make connections with like-minded people, access to
up-to-date news, and the management of daily activities in a simple and easy way
on a single platform. The augmentation of the system Usability scale with semi-
structured questions also highlighted potential improvements.
These results can be used by software engineers designing and developing tech-
nologies, in particular smartphone applications for social interaction for OAs in
the future. As this is a potential growth market, it is advisable that software
engineers incorporate simplicity and privacy requirements as a top priority when
designing software systems for OAs.
Table 5.7 presents the Cronbach alpha (0.85) for the complete questionnaire as well
as for each individual question. This indicates that the internal consistency of each
item and overall SUS questionnaire is high. It also explains that the SUS items
are closely related to each other and measure Usability of the Golden Jubilants
prototype. Scores less than 0.5 are considered poor, over 0.6 are questionable,
above 0.7 are acceptable, greater than 0.8 are good and excellent if they cross
the range of 0.9 (Tavakol and Dennick 2011). In case of SUS, 80% of the scores
are reliable, and the probability of error is only 20%. If alpha is too high it may
suggest that some items are redundant as they are testing the same question but in
a different guise. A maximum alpha value of 0.90 has been recommended (Streiner
2003).
In addition, Figure 5.14 presents average SUS results in the form of a radar chart
using three facets of measures of central tendency; mean, median, and mode. The
rationale is to present a convenient summary of distribution by presenting central
values, skewness, and outliers. For the best positive results, star points are at
five; for the best negative results, inner vertices are at one. In the case of the
mean and the median, the chart is quite similar to a star in comparison with the
mode, which is a positive sign. I then calculated the percentile score for each
question, for interpretation, using the formula by (Brooke et al. 1996). The mean,
median, mode and standard deviation of percentile scores of the SUS questionnaire
was 74.13, 75, 65 and 17.75 respectively. These percentile scores for measures of
central tendency are above average, meaning that the tested Golden Jubilants
prototype is above average. The standard deviation of 17.75 indicates that the
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Table 5.6: Demographic Breakdown of Usability Study Participants
Usability Study Participants Demographics (n= 20)
Gender 9 Males, 11 females
Age Range = 55 to 80
Primary Language English
Work Status 14 Fully Retired, 6 Partially Retired
Marital Status 13 Married, 7 Single
Educational
Achievements




1 Excellent, 12 Good, 4 Ok, 3 Could be better
Access to Basic
Technology
14 Yes, 6 No
Access to Internet 14 Yes, 6 No
Volunteering done
in past
17 Yes, 3 No
Table 5.7: Cronbach’s Alpha for SUS Questionnaire
Odd Questions α Even Questions α
Q1 0.84 Q2 0.88
Q3 0.82 Q4 0.83
Q5 0.83 Q6 0.87
Q7 0.83 Q8 0.82
Q9 0.82 Q10 0.81
Overall Cronbach α = 0.8508
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spread of data from mean is considerably low. This means that most of the SUS
scores for OAs were close to the average score. I also used a box and whisker plot
to present the correlation between gender and SUS Results (in percentile rank) as
shown in Figure 5.15. There was a wider variation of score for females than for
males. The minimum percentile rank for females was 30 and the maximum was
100. In the case of males, the minimum rank was 52.5 and the maximum was 90.
Figure 5.14: Measures of Central Tendency for SUS Results
Table 5.8 details the correlation of several demographic parameters with the per-
centile ranks for perceived Usability. The median scores revealed that residence,
education, work and health status were directly proportional to percentile rank.
This means that an OA living in an urban area with higher education, working for
some hours and in excellent health had a higher level of perceived Usability for the
Golden Jubilants prototype. This is a re-confirmation that demographics impacts
the perceived Usability of the Golden Jubilants prototype. In-depth analysis of
the scores revealed an unexpected finding - that people living alone had a higher
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Figure 5.15: Correlation between Gender and SUS Results (Percentile Rank)
perceived Usability than those spending their lives in a retirement village or a care
centre. There can be several reasons for that, such as a mismatch between the
expectations of OAs in these situations. The minimum standard deviation was 2.5
and the maximum was 20.19 for the average percentile ranks.
For SUS, a score of at least 70 is considered as passable for a product, whereas
over 90 is considered as truly superior (Bangor et al. 2008). If an application
has a percentile score of less than 70, then scrutiny is needed. The median of
percentile ranks for all individuals was 75, which indicated a high level of perceived
Usability and a conviction by OAs that the Golden Jubilants prototype, a social
volunteering network system is usable. This is a confirmation that the current
version of the Golden Jubilants prototype has high perceived Usability for older
adults. The standard deviation was also 17.75 which shows that most of the scores
are close to median. I also encouraged OAs to comment freely on this system with
regard to any potential improvements. OAs felt at ease while using the Golden
Jubilants prototype in the presence of the researcher and gave mostly positive
feedback. They said that the Golden Jubilants prototype system can be a source
of engagement as it aims to connect like-minded people, and it is definitely filling
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Table 5.8: Correlation of demographic parameters with SUS scores - from percentile
rank
a gap as there is a lack of such systems in Ireland. Below is a sample quotation
from a 67-year old female who used the system during the Usability session and
answered the questionnaire:
“I think it’s really clever. I like the idea of being able to connect with other
people, who have the same interest, you know, like reading or walking. I think the
news section is really nice as well, because I think it’s really nice to keep up with
what’s going around”.
To conclude, the system appeared to be useful for OAs, but a few changes were
highlighted by them according to their preferences. They suggested a change in
colour-scheme, increase in font-size, inclusion of relevant photographs that the
OA can relate to, and an option of volunteering in a group rather than in silos.
OAs also approved the need for advanced features such as health care reminders,
voice recognition, vetting the users of the Golden Jubilants prototype, and a help
section. I intend to incorporate the feedback and new features in the next version
of the system:
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Communication as a By-product - The software system should have little
focus on virtual communication and more emphasis on active social engagement,
a means to an end or a gateway to broker relationships that will end up with
face-to-face meetings.
Accessibility and Formatting - Scrolling should be avoided and input controls
should not have a pre-specified range. Colors and pictures must be relevant and
attractive. OAs liked consistent and large font, buttons and picture size.
Abstraction - The complex features should remain hidden with only those that
are needed made available initially to boost ease of use and familiarity with navi-
gation.
Overcome Privacy and Negative Perceptions - Any identifiable details of
OAs should be encrypted. Moreover, this can be achieved by sharing stories of
those OAs who are already using these systems as testimonials.
5.2.9 Develop Updated Prototype
One of the salient features which older adults emphasized throughout the empiri-
cal and Usability study in particular was that they would like to have voice-based
interaction with the Golden Jubilants prototype to aid with issues such as visual
acuity. Therefore, I converted the conventional graphical user interface (GUI)
based system to a voice-enabled conversational user interface (CUI)
1
. This ver-
sion allowed older adults to chat, either by text or audio, with the Golden Ju-
bilants prototype to retrieve volunteer opportunities and make contact with the
provider/receiver. One of the CUI’s to request volunteer opportunities is shown
in Figure 5.16. The remaining scenarios and the respective CUI’s are presented
in Appendix I, which includes home page, permission requests, access to personal
data and entertainment.
An additional modification of this version of the Golden Jubilants prototype, a
1
A conversational interface is a user interface for computers that emulates a conversation with
a real human. Historically, computers have relied on text-based user interfaces and graphical
user interfaces to translate the user’s desired action into commands the computer understands.
https://en.wikipedia.org/wiki/Conversational_user_interface
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Figure 5.16: Request Volunteer Opportunities CUI
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Figure 5.17: Architecture of Version 2 of Golden Jubilants Prototype Application
social volunteering network system was the incorporation of GDPR
1
guidelines,
by providing information about the data stored about the older adult in the sys-
tem, access to health information e.g., step count, entertainment. In addition, the
analytics of usage of the application were also incorporated in the second version,
but they will have real data from conducting a longitudinal study, which is out
of the scope of this work. Moreover, the high level architecture of Version 2 of
Golden Jubilants prototype application is shown in Figure 5.17.
The architecture of this version was same as for Version 1, but IBM Watson services
incorporated were Conversation, Text to Speech, Speech to Text, and Business An-
alytics. In addition, JSoup API
2
was used to extract real time opportunities from
1
The General Data Protection Regulation 2016/679 is a regulation in EU
law on data protection and privacy for all individual citizens of the Euro-
pean Union and the European Economic Area. It also addresses the trans-




JSoup is a Java library for working with real-world HTML. It provides a very convenient
API for extracting and manipulating data, using the best of DOM, CSS, and jquery-like methods.
https://jsoup.org/
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a volunteer organization in Ireland.
A formal permission was sought from this organisation before including their vol-
unteer opportunities in the Golden Jubilants prototype. The name of IBM Bluemix
platform was changed during the development of this version to IBM Cloud.
5.2.10 Validated ReDEAP
The iterative development, evaluation and modification of the Golden Jubilants
prototype produced a validated set of recommendations, as shown in Figure 3.3.
The validated recommendations here are those which were accepted by older adults
during the Usability study to be included in the application developed for them.
A subset of these is described in Table 5.9, referred to as Validated ReDEAP.
Table 5.9: Validated ReDEAP
Category Recommendations / Requirements
Accessibility and
Formatting
• Avoid scrolling in the application.
• Do not have a pre-specified range for input
controls in the application.
• Use attractive and limited number of
colours.
• Avoid using caricatures and include photos
that really depict older adults in a positive
outlook.
• Enlarge the size of components within the
application.
• Incorporate voice enabled interaction in
the application.
• Make the application easy to use.
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Abstraction • Keep complex features hidden from new
users.
• Focus on active social engagement in the
application rather than being another tool
for online communication only.
Privacy • Store the identifiable details of the users,
older adults, in an encrypted format.
• Incorporate privacy and security regula-




Functional • Incorporate a feature for active social en-
gagement in the application, e.g., a volun-
teer hub.
• Incorporate a feature that increases aware-
ness of older adults, e.g., an information
hub.
• Incorporate a feature that helps older
adults to keep track of and maintain their
health, e.g., a healthcare hub.
• Verify/Vet the users of the application.
• Allow older adults to manage their daily
routine through the application.
1
EFF provides funds for legal defense in court, presents amicus curiae briefs, defends in-
dividuals and new technologies from what it considers abusive legal threats, works to expose
government malfeasance, provides guidance to the government and courts, organizes political
action and mass mailings, supports some new technologies which it believes preserve personal
freedoms and online civil liberties, maintains a database and web sites of related news and infor-
mation, monitors and challenges potential legislation that it believes would infringe on personal
liberties and fair use, and solicits a list of what it considers abusive patents with the intention
to defeat those that it considers without merit. https://www.eff.org/
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The preliminary, prioritised and validated versions of ReDEAP extracted through
the mixed methods study were synthesized and classified into ‘Usability’ and ‘Ac-
cessibility’. A sub-set is presented in Table 5.10, and the whole set is shown in
Appendix J.
Table 5.10: Synthesized Recommendations Extracted through Prototype Develop-
ment
Recommendation Description Source








































Avoid scrolling in the application. ✓ ✓ ✓
Do not have a pre-specified range for input controls in the
application.
✓
Use attractive and limited number of colours. ✓ ✓
Avoid using caricatures and include photos that really depict
older adults in a positive outlook.
✓
Incorporate a feature for active social engagement in the ap-
plication e.g., volunteer hub.
✓ ✓ ✓
Incorporate a feature that increases awareness of older adults
e.g., information hub.
✓ ✓ ✓
Incorporate a feature that helps older adults to keep track of
and maintain their health e.g., healthcare hub.
✓ ✓ ✓
Verify or vet the users of the application. ✓ ✓ ✓
Allow older adults to manage their daily routine through using
application.
✓ ✓ ✓
Store the identifiable details of the users, older adults, in an
encrypted format.
✓ ✓
Incorporate privacy and security regulations within the appli-
cation e.g., GDPR, EFF.
✓ ✓ ✓
Keep complex features hidden from new users. ✓
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Do not use the ‘OLD’ word repeatedly in the application. ✓ ✓
Avoid pressurising techniques, reminders or features. ✓ ✓
Avoid games, apps and irrelevant functionality. ✓
Main Category - ‘Accessibility’
Allow voice enabled interaction with the application like Siri
or Alexa.
✓ ✓ ✓
Enlarge the size of components within the application. ✓ ✓ ✓
Avoid using small print check-boxes for additional services or
information sharing.
✓ ✓ ✓
Keep traditional ways of interaction as the main interaction
mode.
✓ ✓ ✓
Provide gestures as an alternative for spatial and navigational
tasks. Examples include pinch gesture.
✓
Resurface or prioritize information as a means of stimulating
communication.
✓ ✓
Support the transmission of hand-written messages as a type
of media.
✓ ✓
Provide a ‘letter writing’ mode or look and feel for sharing
functionalities.
✓
Make the text legible in the application. ✓ ✓ ✓
Make the application work well even with low signals. ✓ ✓ ✓
Make the app easy to start/boot up. ✓ ✓
5.2.11 Evaluation of ReDEAP Extracted through Phase 2
using Inter-rater Reliability
The joint set of recommendations extracted through Phase 2, Prototype Devel-
opment, as shown in Table 5.10, went through the same process of inter-rater
reliability as described in Section 4.4. The Cohen Kappa’s coefficient (κ) score
for inter-rater reliability exceeded 0.61, indicating a high level of reliability. The
values of (κ) for two categories, Usability and Accessibility, and all raters (R1, R2
and R3) are shown in Table 5.11. The higher scores of Cohen Kappa (κ) for Ac-
cessibility was due to the less categories (count = 4), in comparison with Usability
(count = 7). ReDEAP Version 1 was then merged at this point with the evalu-
ated recommendations of Phase 2, Prototype Development, to develop ReDEAP
Version 2.
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Table 5.11: Cohen Kappa for ReDEAP Version 2
Raters R1 and R2 R1 and R3




5.2.12 ReDEAP Version 2
The evaluation helped to develop ReDEAP Version 2 from Phase 2, Prototype
Development, as shown in Figure 5.18. Two new categories emerged, which were
null in the first version. This is a reflection of how application of mixed methods
during Golden Jubilants prototype development resulted in the addition of new
recommendations into the existing set.
1.6. Useful - In order to make a smartphone application useful for older adults,
incorporate features that encourage active social engagement and/or awareness of
local and international happenings in the older adults.
1.7. Valuable - To increase the perceived value of the smartphone application,
include features like gamification. For example, by giving rewards to OAs upon
achieving specific milestones via the system. Moreover, advertisements should be
avoided in the system, as they might backfire and older adults do not value systems
with extra advertisements.
5.3 Phase 3 - Understanding Users
To understand users further, a participatory observation study was designed as
shown in Figure 3.6. The focus of the third Phase of research was to get input of
tech-savvy older adults regarding their expectations about software applications
in general and smartphone applications in particular. The data collection methods
used were Think Aloud Protocol and Digital Content Extraction. Digital Content
Extraction involves collecting data from the Ageing Forums and Mainstream Apps
for Older Adults. The data analysis strategy for qualitative data was same as
mentioned in Section 3.4.2.2. The analysis helped to develop consolidated version
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Figure 5.18: ReDEAP Version 2
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of ReDEAP. This consolidated version was evaluated using inter-rater reliability.
ReDEAP Version 2 was then merged with this evaluated version, resulting in
ReDEAP Version 3.
5.3.1 Think Aloud Protocol
The demographic breakdown of older adults who participated in Think Aloud
sessions is shown in Table 5.12.
Table 5.12: Demographic Breakdown of Think Aloud Sessions Participants
Think Aloud Sessions Participants Demographics (n= 10)
Gender 5 Males, 5 females
Age Range = 54 to 71, Mean = 64.7, Median= 65.5,
Mode= No mode , Standard Deviation= 4.89
Primary Language English
Work Status 7 Fully Retired, 1 Partially Retired, 2 Working
Marital Status 8 Married, 1 Separated, 1 Single
Educational
Achievements




2 Alone, 8 With Partner or Family
Health Status (Self
Reported)
2 Ok , 4 Good, 4 Excellent
Residence 3 Rural, 7 Urban
Access to Basic
Technology
10 Yes, 0 No
Access to Internet 10 Yes, 0 No
Liked Mobile Ap-
plications
Fitbit, My Fitness Pal, Weather, Whatsapp,




Headspace, Ryanair, Whatsapp, Apple Podcast,
Price buy, iTunes, Facebook
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Ten OAs participated in these sessions, who had English as primary language. All
of them had access to basic technology such as landline, Internet and smartphones.
Their median age was 64.7. Five of them were males and five were females. Eight
were fully or partially retired and two were working professionals. Older adults
were delighted to talk about the apps they use on a regular basis. I observed a
clear difference in the level of understanding and type of applications this cohort of
older adults were using, in comparison with non tech-savvy participants of previous
phases. For instance, the first participant, a retired Civil Engineer, talked about
his experience with SmartTools
1
app. He said that SmartTools is his favorite
app because he can perform basic civil engineering tasks using this simple and
easy to use interface showing the tools. The tools include ruler, protractor, level,
thread, range-finder, compass, metal detector, sound meter, vibrometer, flashlight,
magnifier, mirror, unit converter. He was pleased about the real-world metaphor
of ‘Cupboard’ used in this app. Also, he said that the labels used in the app
are self-explanatory. On the other hand, he did not like using the Ryanair
2
app.
He said the initial waiting time, loads of advertisements, hectic process to book
a flight, small text size, icons without labels, and long and technical terms and
conditions make him reluctant to use this app. He stated that this app does not
cater for older adults and gave an example of a bug in the form completion section.
The salutations, Mr, Mrs., need to be tapped for successful submission of the form,
but there is no indication to select them. Also, they are represented in dull colors,
reducing their importance in the eyes of the user. An array of recommendations
given by this participant was collected e.g., video based tutorials in the app to
enable the user to become familiar with the app. Similarly, the analysis of data
collected from other participants helped to further the existing recommendations.
5.3.2 Digital Content Extraction
Ageing Forums In order to strengthen the findings about the needs and wants
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The Seniorsonly
1
Club - This is an online discussion forum for people over fifty
years. It is run by seniors for seniors. There were 14 active older adults on this
forum. There are eight different sections of this forum on which seniors can post
questions, Forum Administration and Notices, Education and Entertainment, Get-
ting it Done, Hot Button Issues, I remember when, On the lighter side, Ourselves
and Others, Off topic. In addition, the technology section on this forum was active
and recent conversations were observed. I delved deeply into a subsection of ‘Ed-
ucation and Entertainment’ called ‘Gadgets and Tech talk’. The objective of this
section was to discuss seniors’ issues related to electronic or mechanical gadgets,
equipment, computers or computer software, phones or smart phone applications,
electronic reading devices, or anything relating to gadgets and technology. I in-
cluded 15 threads with a total of 238 posts during data collection of this study.
SeniorForums
2
- I also looked into the ‘Computers and Phones’ section of Se-
niorForums, another forum for people over 50. There were 17 active older adults
on this forum. In addition, the technology section on this forum was active and
recent conversations were observed. I included in my study a total of 15 threads
related to technology, particularly mobile phones, consisting of 170 posts.
Older adults on these forums appear to be well-versed in technology. They would
love to use more of the latest technology if it is inexpensive and privacy is ensured.
One of the older adults mentioned on the forum that he would prefer wearables
rather than smartphones. Here is an excerpt from his comment:
“When they make them so that the Apple Watch is my cellphone, then I might
consider it because carrying my iPhone is never convenient for me. I don’t like
carrying a phone in my shirt pocket, although having had cancer twice now, I
don’t suppose that’s something I should worry much about, and there’s no other
convenient place to put it. I keep leaving it on the table at restaurants and have to
go back for it. I would wear a watch if I could use it as a phone.”
Older adults constantly discuss how to ensure privacy whilst using technology on
these forums. Here is a solution proposed by a member on the question of ensuring
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“Being stuck with a fixed, constant ISP number hinders one’s privacy quite a
bit. A roaming ISP number helps. Using a Proxy service server is useless, as
I’ve found out. If you really want to operate some of your P.C. activities, do it
at a public computer place, library, or the like, while setting your PCs security
settings at maximum, reject all cookies. Set Temporary Internet Files to store for
0 days, and delete automatically each time you log off. Check them now and then
for cookies, anyway. Always use In Private (I.E.) or Incognito (Chrome) to boot.”
Mainstream Apps for Older Adults
A total of 32 mainstream apps were evaluated to find recommendations that are
making these apps successful and/or unsuccessful. The list of these apps and
associated details, such as inclusion and exclusion criteria, is presented in Appendix
E.
5.3.3 Qualitative Data Analysis
I analysed the qualitative data generated from Think Aloud Protocol and Digital
Content Extraction using the strategy mentioned in Section 3.4.2.2. Likes, dislikes
and recommendations to develop smartphone applications for tech-savvy older
adults were extracted as a result:
1. Likes
Source of Information Older adults really like a feature that serves as a source
of information.
“This is a comprehensive app, which gives much information that the elderly
need to know, from taking care of their health to advice on how to handle their
finances to how to secure their property.”
“Every information is available including elder abuse and rights of the elderly.”
“It is a user-friendly app to get any sort of information on elders.”
Video Tutorials Older adults liked to learn new information or even exercises
through video tutorials available within the apps for them. For example, one of
the older adults commented:
“Tried a lot of apps, finally landed here, it is a simple and useful app. The best
part is the video tutorials”.
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Support Independent Living In addition, an app that supports independent
living was really admired by older adults. One of the comments on the app stores
was:
“My mom was looking for a personal fitness coach. Apparently, this app helped
her achieve fitness goals without a trainer.”
Allow Customisation Older adults preferred apps that allow customisation ac-
cording to their needs and wants.
“After trying several app launchers, I settled for this launcher. Simple to use
with enough customizing ability. Very clean too.”
“Good app and easy to customise. Only if I could add widget and one more
home screen tab. It will be 5 star app.”
Easy to Use and Learn One of the key things older adults look for in an app is
how easy it is to use and learn.
“Recently, gifted a 5.5” android GS370 to my 70 year old mother and this
launcher was one of the reasons to do so. Requires little to no explanation, easy
to learn and manipulate - especially for the elderly. No superfluous apps installed
or subscriptions required. Really appreciate the efforts by the developers.”
“Great launcher, simple to use. I installed it for my mother. She is bad with
technology, but got the hang of it pretty easy. 5 stars is not enough.”
“Oh my God! so easy to use for seniors. No ads.”
“Good for my mother, she feels it is easy to use.”
Big and Attractive Icons Big icons also make it easier for older adults to operate
the application and they mention it as often as they could at any forum where
they had the liberty to speak about their expectations from an app for them.
“I like the big icon.”
“My mom’s phone also having it now. Big icon easy to operate.”
“Great user interface, user friendly look like a stock launcher. Icon is bigger
than others nice launcher.”
If icons are ugly, older adults get demotivated and do not want to use the
application or a particular version where the icons are not attractive.
“Downgraded to 4 stars due to ugly icons in latest update. Why? Actual bugs
remain unfixed.”
122
5.3 Phase 3 - Understanding Users
2. Dislikes
Non-functional Features If a feature in an app did not function the way it was
intended, then it reduced the motivation to use the app for older adults and they
became skeptical of the entire system.
“Nobody receives the SOS calls.”
“SOS is just an illusion created to attract people. No actual help from their
side whatsoever.”
Loads of Advertisements Older adults could only be truly satisfied with an
app if there were no distractions, e.g., advertisements. One of the users clearly
mentioned that he/she would only give a high rating to the app if there were not
advertisements.
“Not downloading and only ads after each minute, fix this and I will give 5
stars”.
Lack of Explanation Older adults dislike an app which did not clearly explain
how to use its features. An example was a fitness app which tells the user what to
do, but did not explain how to do it either in descriptive or in pictorial or video
format.
“Not much to it ....tells you how many reps to do but doesn’t show or explain
the exercise.”
Non-durable Features Older adults do not like a non-durable application which
has no reliability as to whether it will work or not. This means that if it works
for some time and stops working or freezes or crashes during use, this will lead to
un-installation of the app by older adults.
“Worked well for 6 days then packed in and refused to start even after unin-
stalling and reinstall.”
“Crashes immediately when swiping up to open app list. I tested 2 different
Huwaei Phones. Honor 7X and Honor 8. Both crashed.”
“Since last update, today, has crashed at least 17 times in 30 minutes. Fix it”.
“Had potential. Updates broke it.”
“Excellent app, easy and nice large lettering, the developer of this app did a great
job, it certainly deserves 5 STARS, have re-downloaded and working again fine, but
still freezing after phone shut off or changing to an other launcher temporarily.”
“Crashes constantly.”
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Access to Sensitive Information Older adults are very skeptical and want to
understand the reason behind an app constantly asking for access to files and
location. They are very concerned about privacy and confidentiality. This is one
of the constant findings, which is contrary to the widespread perception that older
adults do not care about privacy and get easily scammed.
“Mandatory weather widget that demands location data. Weather widget won’t
allow users to enter their city manually, these Chinese developers want the users
exact location.”
“The app requires a lot of permissions and refuses to even start without them.
For example must have access to your location.”
“Access your files and know your location, Why?”
Compatibility Issues Older adults want the app to work on any type of device
they own e.g., android, iOS or windows based. They also want the app to work
perfectly on different sizes of devices, whether short or long.
“Not working on my Moto G6. From the home screen, every time I swipe up
to open the application drawer Simple Launcher crashes. I want to use this app,
but can’t. The app does work on my OnePlus 6 without any problems, but crashes
on my Moto G6.”
“Please add support for long screens. In Redmi 5 I can see black bar on top.”
Confusing If it is confusing for older adults to find or use the application, they
become reluctant to adopt it. Here is one of the excerpt from the comments of
older adults on an app for them.
“How to use it man..I am not even finding...where it had gone after my down-
load.. Please find it for me.”
3. Recommendations
Constant Improvement To maximise usage, the apps must keep on evolving
and improving with the passage of time, even if the users, older adults, are happy
with the current version.
“Installed this app on my fathers phone. The exercises are good and basic.
Looking forward to a better experience.”
Pick and Move In case of an app that falls under the category of a launcher,
older adults want to move the apps freely on the interface, rather than deleting
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and relying on auto-arrange. This recommendation is about those launchers, which
currently do not allow drag and drop to move apps.
“Can you make it so the apps can be arranged by moving them around. The
only way I can figure out how to do it is to delete them and carefully plan which
apps, I would like in order. Not sure how many stars to rate the app as yet.”
One Tap Calling The app should allow quick calling to the contacts through a
single tap, instead of conventional navigation which requires multiple steps.
“Just enough! Great for seniors! But, I would love it more if it gave the
option for one-touch calling. Currently, contact icons bring you to the contact
page. Please enable a direct dial option, as this would make the app perfect!”
“Please try to dial contacts directly with one touch.”
Multiple Themes The app should have a feature that allows you to choose a
theme, color combination, of users own choice. “It would be nice to apply different
icon packs for a really cool look.”
“Nice simple launcher but would like to see more features like themes and icon
pack support also ability to add widgets.”
Allow Remove Feature The app should allow removal of any features which
older adults do not want to use any more. This will also make the interface
cleaner and simpler.
“Ability to remove SOS for those who do not need it and make the page a full
screen for contact shortcuts.”
Notification Badge on App Icon Older adults like to have notifications badge
on the icon of the application to reduce annoyance.
“Really great app, but I’d like to have the option to display the date in UK
format (dd/mm) and to change the font size and colour. It also doesn’t show
notifications on each app’s icon - is this something the launcher could do?”
“Add a badge notification option for apps. I never know how many texts I have
until I open the app which is annoying.”
Incorporate Hold Down Gesture In some launchers, hold down gesture does
not work, which older adults would love to use.
“Good clean nice looking launcher with a few missing things. 1: Holding down
on an icon for a while does not open it. 2: On the contacts screen there is no
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option to SMS or send a message to the person. While I feel that it is good for
many people to hide this option, for others it is essential.”
Disable Hamburger or Drawer Icon Older adults can accidentally tap the
drawer/ hamburger which opens the detailed menu making it confusing for them
and difficult to return. It is therefore recommended to disable it in the apps for
older adults.
“Please add an entry in the options menu to disable the app drawer so that an
oldie does not swipe up and show the drawer by accident. This way the usable apps
are limited to what is shown on the main launcher screen. Great app and great
support. Thank you !!””
Improve Colour Combination The apps for older adults must cater for users
with visual problems or those who are color blind. This means a high contrast
should be used, which is a recurring theme that emerged throughout the previous
studies as well as the evaluation of apps.
“Why did you ruin a great app. The notification panel has become transparent
which looks odd over the dark launcher screen...rollback the update or fix it ASAP
please.”
Allow Multiple Metrics The features in the app must consider different lo-
cations and cultures and incorporate multiple metrics for easier understanding,
particularly for older adults.
“Locked in metric. Can’t change to Fahrenheit.”
“So far really nice... Big icons and super easy interface..only complaint is that
not sure how to set temp to Fahrenheit for us non metric luddites.”
“Perfect except needs Fahrenheit not just Celsius.”
Make Swiping Fast Older adults get concerned if the apps execution is slow,
in particular with regard to swiping. They admire applications which have fast
swiping.
“Great app, but please make the swipe up fast.”
5.3.4 Consolidated ReDEAP
Think Aloud Protocol and Digital Content Extraction were conducted concur-
rently. This produced an exhaustive list of recommendations called Consolidated
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ReDEAP to develop smartphone applications for older adults. There were a total
of 131 recommendations, including duplicates. This list helped in exploring new
recommendations from the perspective of tech-savvy older adults. The complete
list of these recommendations is provided in Appendix K. However, a subset of syn-
thesized versions of these recommendations mapped to Usability and Accessibility
is presented in Table 5.13.
Table 5.13: Synthesized Recommendations Extracted from Think Aloud Protocol
and Digital Content Extraction
Recommendation Description Source




























Incorporate generous spacing between the buttons in the applica-
tion.
✓
Label the icons in the application. ✓
Avoid the advertisements in the application. ✓ ✓
Incorporate a home button in the app serving as a safe point of
return for older adults.
✓
Use minimal parameters for the request to access personal informa-
tion in the installation prompt whilst installing the application.
✓
Avoid technical jargon in the application. ✓ ✓
Include features which are necessary in the application only. ✓
Enlarge the size of the components used in the application. ✓ ✓
Allow performing most functions in the application through tapping
rather than drag and drop.
✓
Avoid the use of new and unfamiliar gestures in the application. ✓
Use culturally acceptable terminology and icons in the application. ✓ ✓
Use layman’s language in the application for error notifications. ✓ ✓
Incorporate a tutorial in the application to teach older adults how
to use the application.
✓
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Use precise and easy to understand terms and conditions in the
application.
✓
Avoid overloading components with multiple input types. ✓
Incorporate simple and quick signup process in the application. ✓ ✓
Incorporate one feature on interface or one question with a progress
bar in the application. This is sometimes referred to as gamifica-
tion.
✓
Verify the users of the application e.g., through an original selfie. ✓ ✓
Avoid animations and marquees (e.g., text moving from top to bot-
tom) in the application.
✓ ✓
Incorporate fraud protection features in the application ✓ ✓.
Do not have advertisements for the paid version of the application ✓ ✓.
Main Category - ‘Accessibility’
Use precise and comprehensible terms and conditions in the appli-
cation for older adults.
✓
Show the right keyboard at the right time in the application e.g.,
numeric for phone, text for messages.
✓
Incorporate fast swiping in the application. ✓
Incorporate video based tutorials in the application. ✓ ✓
Use colours conservatively in the application. Limit the number of
colors.
✓
Incorporate zoomable interface of the application, which implies,
that it should stay functional in zoomed in/out mode as well.
✓
Augment the visual feedback in the application with audio feed-
back.
✓
Avoid using colours for conveying information. This requirement
recognises the needs of color blind users.
✓
Make the tap sensitivity high to cater for older adults with dry and
husky fingers.
✓
Incorporate auto captioning for disabled users in the app. ✓ ✓
5.3.5 Evaluation of ReDEAP Extracted through Phase 3
using Inter-rater Reliability
The set of recommendations extracted through Phase 3, Understanding Users,
went through the same process of inter-rater reliability as described in Section
4.4. The scores for inter-rater reliability exceeded 0.61, indicating a high level
of reliability. The values of Cohen Kappa’s co-efficient (κ) for two categories,
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Usability and Accessibility, and all raters (R1, R2 and R3) are shown in Table
5.14. The higher scores of Cohen Kappa (κ) for Accessibility was due to the less
categories (count = 4), in comparison with Usability (count = 7).
Table 5.14: Cohen Kappa for ReDEAP Version 3
Raters R1 and R2 R1 and R3




5.3.6 ReDEAP Version 3
At this stage, ReDEAP Version 2 was merged with the evaluated recommendations
of Phase 3, Understanding Users, to develop ReDEAP Version 3. It is shown
in Figure 5.19. The third and fourth row in the figure depict the newly added
recommendations for tech-savvy older adults to achieve Accessibility and Usability.
The discernible additions which reflect the needs of tech-savvy older adults include
Usable - accessing the application via fingerprints, 1 feature on 1 interface,
Findable - easy sign-up process, Desirable - preferred theme, Credible -
avoid links to dodgy websites, photo verification of users, Robust - right keyboard
at the right time and unbreakable functionality.
5.4 Summary
This chapter described the step by step evolution of recommendations for develop-
ing smartphone applications for both non-tech savvy and tech-savvy older adults.
It began with presenting the results of a mixed methods study conducted to de-
velop a Golden Jubilants prototype and to generate recommendations. The results
included qualitative and quantitative findings, along with modeling and the two
versions of Golden Jubilants prototype, a social volunteering network system. Fol-
lowed by that, the results of a participatory observation study were presented to
enable further understanding of the users. Two new versions, ReDEAP Version 2
and 3, of the recommendations were also elaborated as the result of these phases.
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Figure 5.19: ReDEAP Version 3
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Phase 4 - Transform to Design
Patterns
“Take information and make information. This is called
Research. It looks simple, but when you do it, you will feel
it.”
—Dr. M M Ali, University of Malaya
6.1 Introduction
Accessibility and Usability are closely related aspects in creating software applica-
tions that work for everyone. There exists an overlap between them. The better
approach is to address them together whilst developing applications. This chapter
presents ReDEAP Version 3, as shown in Figure 5.19, covering both of these as-
pects, transformed into design patterns. This is shown as Research Process - Phase
4 in Figure 6.1. The subsections here will reveal each Goal, Sub Goal and some
recommendations that form the ReDEAP. The abridged form of the ReDEAP is
presented here due to the limitations on the size and volume of the PhD thesis.
Out of the 334 recommendations generated during the first three phases (refer-
enced in Table 4.1 and Appendix J, K), only 44 transformed into design patterns
will be presented as ReDEAP Version 3. The structure of design patterns and
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reasons to include specific sections are explained in Table 3.2. Research questions
are answered using the data collected from all phases in the discussion section.
Figure 6.1: Research Process - Phase 4
6.2 Usability
Usability is about designing products to be effective, efficient, and satisfying. Us-
ability includes user experience design. This may include general aspects that
impact everyone and do not dis-proportionally impact people with disabilities.
Usability practice and research often does not sufficiently address the needs of
people with disabilities (Web Accessibility Initiative WAI 2016).
6.2.1 Usable
To make the smartphone app usable, it needs to be simple and easy to use. The
smartphone app should be designed in a way that is familiar and easy to under-
stand. The learning curve an older adult must go through should be as short and
painless as possible (Morville 2013). For non-tech savvy OAs, use clear text in-
stead of pictorial stimuli to relay information, give specific and clear instructions
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and make help and documentation available in the application. For tech-savvy
OAs, make the app accessible without the need for password, e.g., finger prints
and incorporate one feature on interface or one question in the application. This
is sometimes referred to as gamification. The Sub Goal 1.1. - Usable is shown in
Figure 6.2 followed by the design patterns.
Figure 6.2: Sub Goal 1.1. - Usable
Use clear text instead of pictorial stimuli to relay information.
Problem Older adults find it difficult to remember pictorial stimuli in com-
parison with their younger counterparts. This is associated with
deficiencies in working memory related to aging [1-3].
Rationale Cognitive decline is one of the key issues that need to be taken care
of in the context of older adults. The underlying reason is that
when older adults find it difficult to remember and understand the
application, they loose their motivation and eventually stop using
it [1-3].
Solution 1. Substitute complex pictorial stimuli such as icons, animations
and marquees, which older adults often find hard to remember with
readable text [1,2].
2. Use clear text instead of pictorial stimuli such as icons to relay








Give specific and clear instructions and make help and documenta-
tion available in the application; Make the app accessible without
the need for a password, e.g., finger prints; Incorporate one feature
on interface or one question with a progress bar in the application.
This is sometimes referred to as gamification.
References [1] Calak, P., 2013. Smartphone evaluation heuristics for older
adults (Doctoral dissertation).
[2] Silva, P.A., Holden, K. and Nii, A., 2014, June. Smartphones,
smart seniors, but not-so-smart apps: A heuristic evaluation of
fitness apps. In International Conference on Augmented Cognition
(pp. 347-358). Springer, Cham.
[3] Carmien, S. and Manzanares, A.G., 2014, June. Elders using
smartphones–a set of research based heuristic guidelines for de-
signers. In International conference on universal access in human-
computer interaction (pp. 26-37). Springer, Cham.
Give specific and clear instructions and make help and
documentation available in the application.
Problem Due to lack of experience with technology and smartphone appli-
cations, older adults require nudges to operate effectively [1-4].
Rationale For any user, if there is a how to guide available, the level of un-
derstanding will be high so as the use [1-4].
Solution 1. Give specific and clear instructions and make help and docu-





Use clear text instead of pictorial stimuli to relay information; Make
the app accessible without the need for a password, e.g., finger
prints; Incorporate one feature on interface or one question with a





References [1] Coelho, J. and Duarte, C., 2016. A literature survey on older
adults’ use of social network services and social applications. Com-
puters in Human Behavior, 58, pp.187-205.
[2] Norval, C., Arnott, J.L. and Hanson, V.L., 2014, April. What’s
on your mind? Investigating recommendations for inclusive social
networking and older adults. In Proceedings of the SIGCHI Con-
ference on Human Factors in Computing Systems (pp. 3923-3932).
[3] “I think its (using technology) is really a matter of confidence. . .
and the confidence comes from training.” - OA5
[4] “A simple thing like registering for the courses I could not do
because it kept on saying put in your registration name, but it was
wrong, it was actually registration number . . . I actually started
crying because I thought I was really stupid and I really was not
able to do this, so every time I got frightened.” - OA5
Make the app accessible without the need for a password, e.g., finger
prints.
Problem Cognitive decline is one of the common issue related to ageing,
making it difficult for older adults to remember complex things.
In the context of technology, passwords are troublesome for older
adults [1].
Rationale The decrease in memory causes older adults to forget and ultimately
leads to de-motivation. This, in turn, acts as a major factor to stop
using the system [1].
Solution 1. Make the app accessible without the need for a password. Use
alternative access mechanisms such as bio-metrics, finger prints or





Use clear text instead of pictorial stimuli to relay information; Give
specific and clear instructions and make help and documentation
available in the application; Incorporate one feature on interface
or one question with a progress bar in the application. This is
sometimes referred to as gamification.
References [1] Boyd, K., Bond, R.R., Nugent, C.D. and Donnelly, M.P., 2018.
EasiSocial: Recommendations in the development and training of
social media tools for older people. In EasiSocial: Recommenda-




Incorporate one feature on interface or one question with a progress
bar in the application. This is sometimes referred to as gamification.
Problem Newbie older adults are overwhelmed by the registration forms on
the applications which are long, time consuming and distracting
[1-4].
Rationale The long list of questions make it difficult to follow the registration
process with ease. They may miss certain fields before submitting
the form resulting in a lot of errors. This situation demotivates
older adults and make them feel less able to use technology [1-4].
Solution 1. Make the registration process simple by asking just one question
on one interface. And pressing next button should reveal the next
question and so on [1-4]. Incorporate one feature on interface or one
question with a progress bar in the application. This is sometimes





Use clear text instead of pictorial stimuli to relay information; Give
specific and clear instructions and make help and documentation
available in the application; Make the app accessible without the
need for a password, e.g., finger prints.
References [1] De Barros, A.C., Leitão, R. and Ribeiro, J., 2014. Design and
evaluation of a mobile user interface for older adults: navigation, in-
teraction and visual design recommendations. Procedia Computer
Science, 27(27), pp.369-378.
[2] Microsoft Corporation. Button control design guidelines for
Windows Phone.
[3] Leitão, R. and Silva, P.A., 2013. A study of novice older adults
and gestural interaction on smartphones.
[4] Interview Snippet - “I did not learn computers in school, so I
did not start using computers until the early 90s at which stage I
already thought I was behind. And somebody from arts background
I always thought oh my God, if I hit the wrong button I will loose
everything”.
6.2.2 Desirable
To make the smartphone application desirable, the visual aesthetics need to be
attractive and easy to translate. Design should be minimal and to the point
(Morville 2013). For non-tech savvy OAs, allow sufficient white space to ensure a
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balanced user interface design and use font-type: serif or sans serif. Allow tech-
savvy OAs to choose a preferred theme and avoid animations and marquees in the
application. The Sub Goal 1.2. - Desirable is shown in Figure 6.3 followed by the
design patterns.
Figure 6.3: Sub Goal 1.2. - Desirable
Allow sufficient white space to ensure a balanced user interface
design.
Problem Older adults face problem when using applications that have com-
ponents e.g., buttons, icons, very close to each other, because of
large and husky fingers. They accidentally press the wrong button
or one button multiple times [1-5].
Rationale The lack of enough space between components will result in wrong
buttons being pressed at the wrong time [1]. This will result in
unexpected behavior by the application, eventually leading to frus-
tration and low motivation to use the system [2-5].
Solution 1. Provide additional space between components, buttons and icons
that require interaction by the users.
2. Use the minimum recommended spacing between components









Use font-type: serif or sans serif, Helvetica, Arial or Times New
Roman in the application; Allow the older adults to choose a pre-
ferred theme in the application; Avoid animations and marquees
(e.g. text moving from top to bottom) in the application.
References [1] De Barros, A.C., Leitão, R. and Ribeiro, J., 2014. Design and
evaluation of a mobile user interface for older adults: navigation, in-
teraction and visual design recommendations. Procedia Computer
Science, 27(27), pp.369-378.
[2] Microsoft Corporation. Button control design guidelines for
Windows Phone.
[3] Leitão, R. and Silva, P.A., 2013. A study of novice older adults
and gestural interaction on smartphones.
[4] Interview Snippet - “I did not learn computers in school, so I
did not start using computers until the early 90s at which stage I
already thought I was behind. And somebody from arts background
I always thought oh my God, if I hit the wrong button I will loose
everything.”
[5] Calak, P., 2013. Smartphone evaluation heuristics for older
adults (Doctoral dissertation).
Use font-type: serif or sans serif, Helvetica, Arial or Times New
Roman in the application.
Problem The decline in vision makes it difficult and irritating for older adults
to use certain fonts which are too fancy [1-2].
Rationale The fonts that are pleasing to eye can help older adults stick to the
application and keep on using it [1-2].
Solution 1. Use font-type: serif or sans serif, Helvetica, Arial or Times New





Allow sufficient white space to ensure a balanced user interface
design; Allow the older adults to choose a preferred theme in the
application; Avoid animations and marquees (e.g. text moving from




References [1] Coelho, J. and Duarte, C., 2016. A literature survey on older
adults’ use of social network services and social applications. Com-
puters in Human Behavior, 58, pp.187-205.
[2] Norval, C., Arnott, J.L. and Hanson, V.L., 2014, April. What’s
on your mind? Investigating recommendations for inclusive social
networking and older adults. In Proceedings of the SIGCHI Con-
ference on Human Factors in Computing Systems (pp. 3923-3932).
Allow the older adults to choose a preferred theme in the application.
Problem Older adults, like their younger counterparts, prefer that the ap-
plication should have a color combination which they love to see
[1].
Rationale Personalization can lead to increase usage and may help to get older
adults accustomed to the application quickly [1].






Allow sufficient white space to ensure a balanced user interface
design; Use font-type: serif or sans serif, Helvetica, Arial or Times
New Roman in the application; Avoid animations and marquees
(e.g. text moving from top to bottom) in the application.
References [1] Boyd, K., Bond, R.R., Nugent, C.D. and Donnelly, M.P., 2018.
EasiSocial: Recommendations in the development and training of
social media tools for older people. In EasiSocial: Recommenda-
tions in the development and training of social media tools for older
people.
Avoid animations and marquees (e.g. text moving from top to
bottom) in the application.
Problem Older adults get confused by the fast moving objects or content
on the smartphone applications. This is mainly due to difficulty
associated with the level of perception [1-4].
Rationale Fast moving objects and animations make it challenging for older
adults to concentrate. They feel themselves as less able to under-
stand the complexities of the applications and eventually stop using
it [1-4].
Solution 1. Avoid animations and marquees (e.g., text moving from top to








Allow sufficient white space to ensure a balanced user interface
design; Use font-type: serif or sans serif, Helvetica, Arial or Times
New Roman in the application; Allow the older adults to choose a
preferred theme in the application.
References [1] De Barros, A.C., Leitão, R. and Ribeiro, J., 2014. Design and
evaluation of a mobile user interface for older adults: navigation, in-
teraction and visual design recommendations. Procedia Computer
Science, 27(27), pp.369-378.
[2] Nurgalieva, L., Laconich, J.J.J., Baez, M., Casati, F. and March-
ese, M., 2019. A systematic literature review of research-derived
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6.2.3 Findable
To make the smartphone application findable, information needs to be easy to
navigate. If older adults have a problem they should be able to quickly find a
solution. The navigational structure should be set up in a way that makes sense
(Morville 2013). For non-tech savvy OAs, disable inactive user interface objects
and use consistent and explicit step by step navigation. For tech-savvy OAs, avoid
or use vertical scrolling in the application and incorporate simple and quick signup




Figure 6.4: Sub Goal 1.3. - Findable
Disable inactive user interface objects.
Problem Some older adults perceive any objects such as buttons as action-
able which are visible. Therefore, they try to perform action by
clicking them. If they do not work, this leads to skepticism and
reduced usage [1-3].
Rationale To avoid getting distracted whilst using the app, it is really im-
portant to enable only those objects such as buttons, which are
necessary [1-3].





Use consistent and explicit step-by-step navigation and user inter-
face elements in the application; Avoid scrolling in the application
or only allow vertical scrolling in for such scenarios; Incorporate
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Use consistent and explicit step-by-step navigation and user interface
elements in the application.
Problem If there is a need to have multiple interfaces for different function-
alities, then the application might appear different. Older adults
consider that they have to re-learn the new features, leading to
reduced usage [1-2].
Rationale If consistent navigation and menus are used throughout the appli-
cation, it will aid older adults with cognitive decline [1-2].
Solution 1. Use consistent and explicit step-by-step navigation and user





Disable inactive user interface objects; Avoid scrolling in the appli-
cation or only allow vertical scrolling in for such scenarios; Incor-
porate simple and quick signup process in the application.
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Avoid scrolling in the application or only allow vertical scrolling in
for such scenarios.
Problem Due to lack of experience of older adults with technology, they
might perceive the application as a brochure, showing everything
together in one place. This might lead them to think that there is
nothing else to view or use [1].
Rationale In some applications, where the information is too much, then it
might go to next pages. The use of horizontal scrolling might lead
older adults to miss crucial information [1].
Solution 1. Avoid scrolling in the application or only allow vertical scrolling





Disable inactive user interface objects; Use consistent and explicit
step-by-step navigation and user interface elements in the applica-
tion; Incorporate simple and quick signup process in the applica-
tion.
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Incorporate simple and quick signup process in the application.
Problem One of the major concern amongst older adults is the long, hefty
and complex process for registration with the system [1-4].
Rationale The conventional sign up process involving filling multiple fields is
cumbersome for older adults. This situation becomes more complex
when certain fields are necessary and the passwords should be a mix
of numbers, alphabets and characters [1-4].
Solution 1. Incorporate simple and quick sign-up process in the application






Disable inactive user interface objects; Use consistent and explicit
step-by-step navigation and user interface elements in the appli-
cation; Avoid scrolling in the application or only allow vertical
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smartphone user interfaces for older adults: design patterns based
on an evaluation with users.
Figure 6.5: Sub Goal 1.4. - Accessible
6.2.4 Accessible
To make the smartphone application accessible, it needs to be designed so that
even older adults with disabilities can have the same user experience as others
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(Morville 2013). For non-tech savvy OAs, avoid use of keypads and enlarge the
size of physical buttons and target areas. For tech-savvy OAs, make the tap
sensitivity high and incorporate auto captioning in the application. The Sub Goal
1.4. - Accessible is shown in Figure 6.5 previously, followed by the design patterns.
Avoid use of keypads on the smartphones.
Problem Older adults find it difficult to use small keys with their dry and
husky fingers [1-3].
Rationale Dry and husky fingers cause older adults to press wrong keys leading
to incorrect results and operations [1-3].






Enlarge the size of keyboards, physical buttons and target areas;
Make the tap sensitivity high to cater for older adults with dry and
husky fingers; Incorporate auto captioning for disabled users in the
app.
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[2] Silva, P.A., Holden, K. and Nii, A., 2014, June. Smartphones,
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Enlarge the size of keyboards, physical buttons and target areas.
Problem The motor and visual decline associated with ageing, makes it dif-
ficult for older adults to distinguish and use small components on
the screen effectively [1-2].
Rationale Small components can lead older adults to either tap multiple times
or several components together. This can halt the application or
produce unexpected and erroneous results. This situation eventu-





Solution 1. Enlarge the size of components within the smartphone and
the associated applications e.g., virtual keyboards, physical but-





Avoid use of keypads on the smartphones; Make the tap sensitivity
high to cater for older adults with dry and husky fingers; Incorpo-
rate auto captioning for disabled users in the app.
References [1] Coelho, J. and Duarte, C., 2016. A literature survey on older
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Make the tap sensitivity high to cater for older adults with dry and
husky fingers.
Problem With ageing the motor abilities decline, especially the fingers of
older adults become dry and husky. This can lead the application
to stop responding even when a button or component is tapped [1].
Rationale The dry and husky fingers lead older adults to press the same con-
trol several times which will result in unexpected results [1].
Solution 1. Make the tap sensitivity high to cater for older adults with dry





Avoid use of keypads on the smartphones; Enlarge the size of key-
boards, physical buttons and target areas; Incorporate auto cap-
tioning for disabled users in the app.
References [1] Boyd, K., Bond, R.R., Nugent, C.D. and Donnelly, M.P., 2018.
EasiSocial: Recommendations in the development and training of
social media tools for older people. In EasiSocial: Recommenda-




Incorporate auto captioning for disabled users in the app.
Problem Older adults suffering from auditory problems might not be able to
hear important notifications or voice-enabled conversation by the
application [1-4].
Rationale Hearing loss is one of the key problem that is associated with ageing
and the applications should be designed for individuals who suffer
from it. This will make the application inclusive, accessible and
easy to use [1-4].





Avoid use of keypads on the smartphones, Enlarge the size of key-
boards, physical buttons and target areas, Make the tap sensitivity
high to cater for older adults with dry and husky fingers.
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6.2.5 Credible
To make the smartphone application credible, it needs to be trustworthy (Morville
2013). For non-tech savvy OAs, make sure that the back button in the application
behaves predictably and prevent an error than having a recovery mechanism for it.
For tech-savvy OAs, do not have links to dodgy websites and verify/vet the users
of the application e.g., through an original selfie. The Sub Goal 1.5. - Credible is
shown in Figure 6.6 followed by the design patterns.
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Figure 6.6: Sub Goal 1.5. - Credible
Provide and make sure that the back button behaves predictably.
Problem Older adults do not understand complex hierarchies and deep sys-
tem structure due to lack of familiarity with the latest technology
and cognitive decline [1-6].
Rationale An application that has multiple features with some of them sharing
common characteristics might tease the designer to nest them. But
this situation makes the app difficult to learn and understand for
an older adult. Occasionally, an older adult might get stuck and
forget where he/she is in the application [1-6].
Solution 1. Provide a back button on all interfaces that takes back older
adult to the home or previous page of the application. This will





Prevent an error than to have a recovery mechanism for it; Do not
have links to dodgy websites in the application, that may entice
older adults to pay for certain things; Verify/Vet the users of the
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Prevent an error than to have a recovery mechanism for it.
Problem Older adults struggle with an application, if any error occurs and
they are unable to resolve it [1-3].
Rationale The avoidance of erroneous scenarios in an application can lead to
increased usage and acceptance by older adults [1-3].





Provide and make sure that the back button behaves predictably;
Do not have links to dodgy websites in the application, that may
entice older adults to pay for certain things; Verify/Vet the users




References [1] Coelho, J. and Duarte, C., 2016. A literature survey on older
adults’ use of social network services and social applications. Com-
puters in Human Behavior, 58, pp.187-205.
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on your mind? Investigating recommendations for inclusive social
networking and older adults. In Proceedings of the SIGCHI Con-
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[3] “I did not learn computers in school and I did not, so I did not
start using computers until the early 90’s at which stage I already
thought I was behind, and somebody from an arts background I
always thought Oh my God, if I hit the wrong button I will loose
everything.” - OA5
Do not have links to dodgy websites in the application, that may
entice older adults to pay for certain things.
Problem Older adults are one of the major demographic of population af-
fected by spammers across the globe, due to their lack of familiarity
and experience with the technology [1].
Rationale The links to un-reliable sources on the application may cause older
adults to navigate to them, resulting in loosing their personal in-
formation or even money [1].
Solution 1. Do not have links to dodgy websites in the application, that





Provide and make sure that the back button behaves predictably;
Prevent an error than to have a recovery mechanism for it; Veri-
fy/Vet the users of the application. e.g., through an original selfie.
References [1] Boyd, K., Bond, R.R., Nugent, C.D. and Donnelly, M.P., 2018.
EasiSocial: Recommendations in the development and training of
social media tools for older people. In EasiSocial: Recommenda-




Verify/Vet the users of the application. e.g., through an original
selfie.
Problem Due to constant attention towards spammers in the main stream
media, older adults are concerned about their privacy and safety on
online systems and technology. They do not want to use a system
or an app that involves interaction with unknown people who are
not reliable or trustworthy [1-3].
Rationale The presence of spammers or fake users on an app can be a cause
for financial or personal information loss. Any such users are real
risk and threat for the application and should be monitored [1-3].






Provide and make sure that the back button behaves predictably;
Prevent an error than to have a recovery mechanism for it; Do not
have links to dodgy websites in the application, that may entice
older adults to pay for certain things.
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[3] Al-Razgan, M.S., Al-Khalifa, H.S., Al-Shahrani, M.D. and AlA-
jmi, H.H., 2012, November. Touch-based mobile phone interface
guidelines and design recommendations for elderly people: A sur-
vey of the literature. In International Conference on Neural Infor-
mation Processing (pp. 568-574). Springer, Berlin, Heidelberg.
6.2.6 Useful
To make the smartphone application useful, it must fill a need. If the smartphone
application is not useful or fulfilling older adult’s wants or needs then there is no
real purpose for it (Morville 2013). For non-tech savvy OAs, incorporate a feature
for active social engagement and for increasing their awareness. For tech-savvy
OAs, incorporate a feature that helps OAs to keep track of and maintain their
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health and incorporate fraud protection features in the application. The Sub Goal
1.6. - Useful is shown in Figure 6.7 followed by the design patterns.
Figure 6.7: Sub Goal 1.6. - Useful
Incorporate a feature for active social engagement in the application,
e.g., a volunteer hub.
Problem Social isolation and loneliness is one of the major problem in older
adults. This situation is appalling, despite the skills which older
adults have achieved throughout their lives, which if harnessed can
lead to their inclusion in the community [1-2].
Rationale Providing a solution for social isolation of older adults via technol-
ogy has the potential to improve their health and quality of life in
general [1-2].
Solution 1. Provide a feature to enhance active social engagement of older
adults e.g., a feature that suggests them the opportunities available
in their local community, which they can provide or receive, based








Incorporate a feature that increases awareness of older adults, e.g.,
an information hub; Incorporate a feature that helps older adults to
keep track of and maintain their health. It can be presented in pie
charts and graphs for tech-savvy OAs; Incorporate fraud protection
features in the application.
References [1] Coelho, J. and Duarte, C., 2016. A literature survey on older
adults’ use of social network services and social applications. Com-
puters in Human Behavior, 58, pp.187-205.
[2] Norval, C., Arnott, J.L. and Hanson, V.L., 2014, April. What’s
on your mind? Investigating recommendations for inclusive social
networking and older adults. In Proceedings of the SIGCHI Con-
ference on Human Factors in Computing Systems (pp. 3923-3932).
Incorporate a feature that increases awareness of older adults, e.g.,
an information hub.
Problem Older adults want to stay informed about the local, national and
international news. They usually accomplish this goal through tele-
vision and radio, but the problem is that they have to switch chan-
nels to attain a breadth of knowledge [1-4].
Rationale The acquisition of knowledge of latest trends help older adults to
make decisions regarding a lot of things e.g., traveling [1-4].
Solution 1. Incorporate a feature that increases awareness of older adults,





Incorporate a feature for active social engagement in the applica-
tion, e.g., a volunteer hub; Incorporate a feature that helps older
adults to keep track of and maintain their health. It can be pre-
sented in pie charts and graphs for tech-savvy OAs; Incorporate
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[3] “Yeah, more information will be great, that’s the main thing,
yeah, if there was an easy website, I would be on it tomorrow.” -
OA12
[4] “If I am waiting for somebody I will just turn on the news here
because I am a news junkie . . . you know the expression. I love
politics and all that I love world politics.” - OA6
Incorporate a feature that helps older adults to keep track of and
maintain their health. It can be presented in pie charts and graphs
for tech-savvy OAs.
Problem Decline in health is directly proportional to the increased age for
most older adults. This situation requires older adults to stay in-
formed about their health conditions, which is conventionally te-
dious e.g., going to the General Practitioner (GP) [1].
Rationale An app providing details of health metrics to older adults in plain
language will keep them self-aware. In addition, they can visit GP
based on the information they receive through the app. Moreover,
they can also get guidance on how to keep them active or avoid
certain foods [1].
Solution 1. The health related information should be provided to OAs.
Incorporate a feature that helps OAs to keep track of and maintain
their health, e.g., a healthcare hub. It can be presented in pie
charts and graphs for tech-savvy OAs, and plain language for non-





Incorporate a feature for active social engagement in the applica-
tion, e.g., a volunteer hub; Incorporate a feature that increases
awareness of older adults, e.g., an information hub; Incorporate
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tions in the development and training of social media tools for older
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Incorporate fraud protection features in the application.
Problem Older adults get into the traps of smishing
1
and other fraudulent
activities easily in comparison with their younger counterparts [1-
3].
Rationale The lack of awareness and presence of security measures in an ap-
plication can cause a lot of loss to older adults leading to permanent
distrust in technology and smartphone applications [1-3].





Incorporate a feature for active social engagement in the applica-
tion, e.g., a volunteer hub; Incorporate a feature that increases
awareness of older adults, e.g., an information hub; Incorporate a
feature that helps older adults to keep track of and maintain their
health. It can be presented in pie charts and graphs for tech-savvy
OAs.
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vey of the literature. In International Conference on Neural Infor-
mation Processing (pp. 568-574). Springer, Berlin, Heidelberg.
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A form of phishing, smishing is when someone tries to trick you into giving





To make the smartphone application valuable, it needs to deliver value to the
business which creates it and to the older adult who buys or uses it. Without value
it is likely that any initial success of the application will eventually be undermined.
(Morville 2013). For non-tech savvy OAs, add a feature to assign badges or stars
based on usage of the application and avoid advertisements to an extent where they
are not causing confusion. For tech-savvy OAs, grant physical rewards, probably
in the form of certificates upon completion of services through the application and
provide an alternative paid version of the application with no advertisements. The
Sub Goal 1.7. - Valuable is shown in Figure 6.8 followed by the design patterns.
Figure 6.8: Sub Goal 1.7. - Valuable
Add a feature to assign badges or stars to the users based on their
usage of the application.
Problem Older adults do not like applications that are solely for communi-
cation or getting information related to their health [1].
Rationale The inclusion of features that can keep older adults motivated will




Solution 1. Assign badges or ratings e.g., stars, based on older adults’ usage





Avoid the advertisements in the application; Grant physical re-
wards / certificates to the user upon completion of certain services
through the application; Provide an alternative paid version which
does not contain commercial advertisements.
References [1] Boyd, K., Bond, R.R., Nugent, C.D. and Donnelly, M.P., 2018.
EasiSocial: Recommendations in the development and training of
social media tools for older people. In EasiSocial: Recommenda-
tions in the development and training of social media tools for older
people
Avoid the advertisements in the application.
Problem Older adults do not want to see the advertisements flashing whilst
using the application [2]. They feel exploited or distracted and
sometimes tap on these advertisements and then face difficulties on
how to go back to the previous screen [1-3].
Rationale Financial gains are a necessity for app developers, but third party
advertisements can distract and exploit older adults. This situa-
tion can lead to mistrust and even older adults may stop using the
application [1-3].
Solution 1. Avoid pop up/ animated advertisements or multiple overlapping
windows in the application [1,2].
2. Provide an alternative paid version which does not contain com-
mercial advertisements [1].






Add a feature to assign badges or stars to the users based on their
usage of the application; Grant physical rewards / certificates to
the user upon completion of certain services through the applica-
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interfaces for older people.
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Grant physical rewards / certificates to the user upon completion of
certain services through the application.
Problem Existing applications lack mechanisms to financially reward older
adults or even send them certificates of appreciation [1].
Rationale The lack of physical rewards via using the system leads to lack of
motivation in older adults to use the system [1].
Solution 1. The app should reward, both virtually and physically, the older





Add a feature to assign badges or stars to the users based on their
usage of the application; Avoid the advertisements in the applica-
tion; Provide an alternative paid version which does not contain
commercial advertisements.
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Provide an alternative paid version which does not contain
commercial advertisements.
Problem One of the key concern of older adults is the presence of advertise-
ments whilst using the applications [1-5].
Rationale The presence of advertisements distracts the older adults. In addi-
tion, they only want to use/see something that is useful to them.
They want to avoid irrelevant material [1-5].
Solution 1. One solution is to have a business model advocating for no or








Add a feature to assign badges or stars to the users based on their
usage of the application; Avoid the advertisements in the applica-
tion; Grant physical rewards / certificates to the user upon com-
pletion of certain services through the application.
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mation Processing (pp. 568-574). Springer, Berlin, Heidelberg.
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[5] “Not downloading and only ads after each minute fix this and I
will give 5 stars.”
6.3 Accessibility
Accessibility addresses discriminatory aspects related to equivalent user experience
for people with disabilities. It means that people with disabilities can equally
perceive, understand, navigate, and interact with application. It also means that
they can contribute equally without barriers (Web Accessibility Initiative WAI
2016).
6.3.1 Perceiveable
Perceivability means that the older adult can identify content and interface el-
ements by means of the senses. For many older adults, this means perceiving a
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system primarily visually, while for others, perceivability may be a matter of sound
or touch. New and emerging technologies may include sensory cues for smell and
taste; these would also be considered examples of perceivable technology (W3C
2015). For non-tech savvy OAs, make the entered character hearable in the ap-
plication and use small high-speed adjustments for user vibration feedback. For
tech-savvy OAs, make the sound of the notifications loud and incorporate video
based tutorials in the application. The Sub Goal 2.1. - Perceiveable is shown in
Figure 6.9 followed by the design patterns.
Figure 6.9: Sub Goal 2.1. - Perceiveable
Make the entered character hearable.
Problem Older adults suffering from visual acuity can not make the best use
of the applications [1-2].
Rationale The interaction of older adults with the application only through
tapping and reading text on the applications is good, but those with
visual acuity might not be able to get the full meaning of certain
things due to small text size [1-2].








Use small high-speed adjustments for user vibration feedback to
provide easily detectable sensation above threshold; Make the
sound of the notifications loud in the application; Incorporate video
based tutorials in the application.
References [1] Dı́az Bossini, J.M. and Moreno, L., 2013. Accessibility to mobile
interfaces for older people.
[2] Mi, N., Cavuoto, L.A., Benson, K., Smith-Jackson, T. and Nuss-
baum, M.A., 2014. A heuristic checklist for an accessible smart-
phone interface design. Universal access in the information society,
13(4), pp.351-365.
Use small high-speed adjustments for user vibration feedback to
provide easily detectable sensation above threshold.
Problem The sense of touch also gets affected with ageing and current tech-
nology should cater for this as well [1-2].
Rationale Older adults might not be able to notice the existing vibration
feedback. This might lead them to miss important calls or messages
or reminders [1-2].
Solution 1. Use small high-speed adjustments for user vibration feedback to





Make the entered character hearable; Make the sound of the noti-
fications loud in the application; Incorporate video based tutorials
in the application.
References [1] Coelho, J. and Duarte, C., 2016. A literature survey on older
adults’ use of social network services and social applications. Com-
puters in Human Behavior, 58, pp.187-205.
[2] Norval, C., Arnott, J.L. and Hanson, V.L., 2014, April. What’s
on your mind? Investigating recommendations for inclusive social
networking and older adults. In Proceedings of the SIGCHI Con-
ference on Human Factors in Computing Systems (pp. 3923-3932).
Make the sound of the notifications loud in the application.
Problem Older adults with auditory problems can not hear notifications with
lower-frequency [1].
Rationale The soft sound of notifications can be missed by older adults re-
sulting in missing important stuff and things to do [1].








Make the entered character hearable; Use small high-speed adjust-
ments for user vibration feedback to provide easily detectable sen-
sation above threshold; Incorporate video based tutorials in the
application.
References [1] Boyd, K., Bond, R.R., Nugent, C.D. and Donnelly, M.P., 2018.
EasiSocial: Recommendations in the development and training of
social media tools for older people. In EasiSocial: Recommenda-
tions in the development and training of social media tools for older
people.
Incorporate video based tutorials in the application.
Problem Older adults do not want to read long and tiresome documents to
learn how to use the system or application [1-5].
Rationale The use of alternative modalities to teach older adults how to use
the app and technology in general has the potential to increase the
uptake by older adults [1-5].





Make the entered character hearable; Use small high-speed adjust-
ments for user vibration feedback to provide easily detectable sen-





References [1] De Barros, A.C., Leitão, R. and Ribeiro, J., 2014. Design and
evaluation of a mobile user interface for older adults: navigation, in-
teraction and visual design recommendations. Procedia Computer
Science, 27(27), pp.369-378.
[2] Nurgalieva, L., Laconich, J.J.J., Baez, M., Casati, F. and March-
ese, M., 2019. A systematic literature review of research-derived
touchscreen design guidelines for older adults. IEEE Access, 7,
pp.22035-22058.
[3] Al-Razgan, M.S., Al-Khalifa, H.S., Al-Shahrani, M.D. and AlA-
jmi, H.H., 2012, November. Touch-based mobile phone interface
guidelines and design recommendations for elderly people: A sur-
vey of the literature. In International Conference on Neural Infor-
mation Processing (pp. 568-574). Springer, Berlin, Heidelberg.
[4] Leitão, R. and Silva, P.A., 2012. Target and spacing sizes for
smartphone user interfaces for older adults: design patterns based
on an evaluation with users.
[5] “Tried a lot of apps, finally landed here, it is a simple and useful
app. The best part is the video tutorials.”
6.3.2 Operable
Operability means that the older adult can successfully use controls, buttons,
navigation, and other necessary interactive elements. For many OAs, this means
identifying an interface control visually, and then clicking, tapping, or swiping.
For others, using a computer keyboard or voice commands may be the only means
by which they can operate and control the interface (W3C 2015). For non-tech
savvy OAs, allow cancellation of a selection made by OA in the application and
make the smartphone fit easily into the hands of the OA. For tech-savvy OAs,
allow alternative modality to receive a call, e.g., the mechanisms of a flip phone
can be used. Also, incorporate fast swiping in the application. The Sub Goal 2.2.
- Operable is shown in Figure 6.10 followed by the design patterns.
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Figure 6.10: Sub Goal 2.2. - Operable
Allow cancellation of a selection made by the user in the application.
Problem During interaction with the system, older adults might make a mis-
take that may not produce the expected results [1-2].
Rationale The wrong selection of a control or submitting a form with wrong
details by older adults might result in an in-effective use of the
system by them [1-2].






Make the smartphone fit easily into the hands of the user; The
smartphone/app should allow to receive a call using alternative
modality instead of tapping, for instance, the mechanics of flip
phone can be used; Incorporate fast swiping in the application.
References [1] Dı́az Bossini, J.M. and Moreno, L., 2013. Accessibility to mobile
interfaces for older people.
[2] Mi, N., Cavuoto, L.A., Benson, K., Smith-Jackson, T. and Nuss-
baum, M.A., 2014. A heuristic checklist for an accessible smart-




Make the smartphone fit easily into the hands of the user.
Problem With ageing, size of hands become large and the fingers become
dry and husky leading to decline in motor control [1-2].
Rationale The presence of technology e.g., smartphones that can be easily
usable by older adults with motor decline will increase adoption by
this demographic [1-2].





Allow cancellation of a selection made by the user in the application;
The smartphone/app should allow to receive a call using alterna-
tive modality instead of tapping, for instance, the mechanics of flip
phone can be used; Incorporate fast swiping in the application.
References [1] Coelho, J. and Duarte, C., 2016. A literature survey on older
adults’ use of social network services and social applications. Com-
puters in Human Behavior, 58, pp.187-205.
[2] Norval, C., Arnott, J.L. and Hanson, V.L., 2014, April. What’s
on your mind? Investigating recommendations for inclusive social
networking and older adults. In Proceedings of the SIGCHI Con-
ference on Human Factors in Computing Systems (pp. 3923-3932).
The smartphone/app should allow to receive a call using alternative
modality instead of tapping, for instance, the mechanics of flip phone
can be used.
Problem Motor control and dry/husky fingers of older adults require tech-
nology to cater for these problems [1].
Rationale If alternative solutions are provided to OAs with problems in motor
control, this will help them effectively use the applications [1].
Solution 1. The smartphone/app should allow to receive a call using alter-
native modality instead of tapping, for instance, the mechanics of





Allow cancellation of a selection made by the user in the applica-
tion; Make the smartphone fit easily into the hands of the user;
Incorporate fast swiping in the application.
References [1] Boyd, K., Bond, R.R., Nugent, C.D. and Donnelly, M.P., 2018.
EasiSocial: Recommendations in the development and training of
social media tools for older people. In EasiSocial: Recommenda-
tions in the development and training of social media tools for OAs.
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Incorporate fast swiping in the application.
Problem Older adults find it cumbersome and hectic if the application stucks,
whilst they are using it [1-4].
Rationale The efficient operation of application might increase the motivation
of older adults, resulting in increased adoption [1-4].





Allow cancellation of a selection made by the user in the applica-
tion; Make the smartphone fit easily into the hands of the user;
The smartphone/app should allow to receive a call using alterna-
tive modality instead of tapping, for instance, the mechanics of flip
phone can be used.
References [1] De Barros, A.C., Leitão, R. and Ribeiro, J., 2014. Design and
evaluation of a mobile user interface for older adults: navigation, in-
teraction and visual design recommendations. Procedia Computer
Science, 27(27), pp.369-378.
[2] Nurgalieva, L., Laconich, J.J.J., Baez, M., Casati, F. and March-
ese, M., 2019. A systematic literature review of research-derived
touchscreen design guidelines for older adults. IEEE Access, 7,
pp.22035-22058.
[3] Al-Razgan, M.S., Al-Khalifa, H.S., Al-Shahrani, M.D. and AlA-
jmi, H.H., 2012, November. Touch-based mobile phone interface
guidelines and design recommendations for elderly people: A sur-
vey of the literature. In International Conference on Neural Infor-
mation Processing (pp. 568-574). Springer, Berlin, Heidelberg.
[4] “Great app, but please make the swipe up fast.”
6.3.3 Understandable
An understandable application is consistent in its presentation and format, pre-
dictable in its design and usage patterns, concise, multimodal, and appropriate
to the audience in its voice and tone. Older adults should be able to compre-
hend the content, and learn and remember how to use the interface (W3C 2015).
For non-tech savvy OAs, concentrate the information mainly in center in the ap-
plication and use simple, clear and consistent terminology and navigation in the
application. For tech-savvy OAs, use layman’s language in the application for
error notifications and use precise and easy to understand terms and conditions
166
6.3 Accessibility
in the application. The Sub Goal 2.3. - Understandable is shown in Figure 6.11
followed by the design patterns.
Figure 6.11: Sub Goal 2.3. - Understandable
Concentrate information mainly in center in the interface of
application.
Problem The information that is available in the corners or bottom can be
missed by older adults, even-though, there could be critical bits of
information there [1-2].
Rationale The presentation of information that is flowing all across the screen,
may lead to lack of focus by older adults [1-2].






Use simple, clear and consistent terminology and navigation in the
application; Use layman’s language in the application for error noti-





References [1] Dı́az Bossini, J.M. and Moreno, L., 2013. Accessibility to mobile
interfaces for older people.
[2] Mi, N., Cavuoto, L.A., Benson, K., Smith-Jackson, T. and Nuss-
baum, M.A., 2014. A heuristic checklist for an accessible smart-
phone interface design. Universal access in the information society,
13(4), pp.351-365.
Use simple, clear and consistent terminology and navigation in the
application.
Problem Heterogeneous interfaces can cause confusion in older adults whilst
using the application [1-2].
Rationale The consistent interface design and simple navigation and layout
has the potential to sustain the older adults on the system [1-2].






Concentrate information mainly in center in the interface of appli-
cation; Use layman’s language in the application for error notifica-
tions; Use precise and easy to understand terms and conditions in
the application.
References [1] Coelho, J. and Duarte, C., 2016. A literature survey on older
adults’ use of social network services and social applications. Com-
puters in Human Behavior, 58, pp.187-205.
[2] Norval, C., Arnott, J.L. and Hanson, V.L., 2014, April. What’s
on your mind? Investigating recommendations for inclusive social
networking and older adults. In Proceedings of the SIGCHI Con-
ference on Human Factors in Computing Systems (pp. 3923-3932).
Use layman’s language in the application for error notifications.
Problem Older adults do not understand the technical jargon used within
applications and do not prefer such-apps [1-4].
Rationale It is obvious that every app requires labels, icons, buttons and
descriptions. If they are tailored towards the expectations of older
adults, then the adoption of such apps can be increased [1-4].
Solution 1. Use simple language and wording that suits older adults semantic
field [1,3].
2. The choice of the words should be based on the educational








Concentrate information mainly in center in the interface of appli-
cation; Use simple, clear and consistent terminology and navigation
in the application; Use precise and easy to understand terms and
conditions in the application.
References [1] De Barros, A.C., Leitão, R. and Ribeiro, J., 2014. Design and
evaluation of a mobile user interface for older adults: navigation, in-
teraction and visual design recommendations. Procedia Computer
Science, 27(27), pp.369-378.
[2] Microsoft Corporation. Button control design guidelines for
Windows Phone.
[3] Leitão, R. and Silva, P.A., 2013. A study of novice older adults
and gestural interaction on smartphones.
[4] Interview Snippet - “I did not learn computers in school, so I
did not start using computers until 90s. I already thought I was
behind. And somebody from arts background I always thought oh
my God, if I hit the wrong button I will lose everything.”
Use precise and easy to understand terms and conditions in the
application.
Problem One of the problems in all of the existing applications is the long
and technical terms and conditions statement [1-4].
Rationale The technical jargon in the terms and conditions statement leads to
total confusion of older users, when it is really necessary for them
to understand their rights [1-4].
Solution 1. Use precise and comprehend-able terms and conditions in the





Concentrate information mainly in center in the interface of appli-
cation; Use simple, clear and consistent terminology and navigation
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jmi, H.H., 2012, November. Touch-based mobile phone interface
guidelines and design recommendations for elderly people: A sur-
vey of the literature. In International Conference on Neural Infor-
mation Processing (pp. 568-574). Springer, Berlin, Heidelberg.
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6.3.4 Robust
A robust application is standards-compliant, and designed to function on all ap-
propriate technologies. Older adults should be able to choose the technology they
use to interact with websites, online documents, multimedia, and other informa-
tion formats (W3C 2015). For non-tech savvy OAs, incorporate ALT tags for the
images in the application and a display without glare or reflection from the screen.
For tech-savvy OAs, the application should not break during execution and show
the right keyboard at the right time. This means that when there is a need to enter
numeric data e.g., a phone number, only show numeric keys and vice versa. The
Sub Goal 2.4. - Robust is shown in Figure 6.12 followed by the design patterns.
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Figure 6.12: Sub Goal 2.4. - Robust
Incorporate ALT tags for the images.
Problem Sometimes due to poor internet connection, the images in the app
or system might not be displayed [1-2].
Rationale The crossed rectangle showing nothing distracts older adults and
keeps them wandering if something will be shown or is missing [1-2].
Solution 1. Incorporate alt tags for the images in the application. This
means that if due to low bandwidth the image does not load, text
in the alt tag should appear to guide the older user as to what it





Incorporate a display without glare or reflection from the touch
screen; The application shouldn’t break during execution of func-
tionality; Show the right keyboard at the right time. This means
that when there is a need to enter numeric data, e.g., a phone
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baum, M.A., 2014. A heuristic checklist for an accessible smart-
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Incorporate a display without glare or reflection from the touch
screen.
Problem Older adults suffering from visual acuity can not use the smart-
phones with glare or reflection [1-2].
Rationale The glare or reflection irritates some of the older adults, leading to
reduced usage [1-2].






Incorporate ALT tags for the images; The application shouldn’t
break during execution of functionality; Show the right keyboard
at the right time. This means that when there is a need to enter
numeric data, e.g., a phone number, only show numeric keys and
vice versa.
References [1] Coelho, J. and Duarte, C., 2016. A literature survey on older
adults’ use of social network services and social applications. Com-
puters in Human Behavior, 58, pp.187-205.
[2] Norval, C., Arnott, J.L. and Hanson, V.L., 2014, April. What’s
on your mind? Investigating recommendations for inclusive social
networking and older adults. In Proceedings of the SIGCHI Con-
ference on Human Factors in Computing Systems (pp. 3923-3932).
The application shouldn’t break during execution of functionality.
Problem One of the main thing that de-motivates older adults to use the
system or application is if it breaks or stops working while they are
using it [1].
Rationale The breakable application with poor exception handling behind the
scenes cause distrust in older adults perception about technology
and smartphone applications [1].









Incorporate ALT tags for the images; Incorporate a display without
glare or reflection from the touch screen; Show the right keyboard
at the right time. This means that when there is a need to enter
numeric data, e.g., a phone number, only show numeric keys and
vice versa.
References [1] Boyd, K., Bond, R.R., Nugent, C.D. and Donnelly, M.P., 2018.
EasiSocial: Recommendations in the development and training of
social media tools for older people. In EasiSocial: Recommenda-
tions in the development and training of social media tools for older
people.
Show the right keyboard at the right time. This means that when
there is a need to enter numeric data, e.g., a phone number, only
show numeric keys and vice versa.
Problem Older adults get confused when they have to enter information
through virtual keyboard, due to a lot of mixed, textual, numeric,
emojis, keys [1-4].
Rationale The availability of different types of keys- numeric, text, emojis-
causes difficulty in use for older adults with cognitive decline [1].
They might press the wrong keys, which will result in unexpected
behavior by the application, eventually leading to frustration and
low motivation to use the system [1-4].
Solution 1. Show the right keyboard at the right time. This means that
when there is a need to enter numeric data, e.g., a phone number,





Incorporate ALT tags for the images; Incorporate a display without
glare or reflection from the touch screen; The application shouldn’t
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6.4 Discussion
This section presents the answers to the research questions with the help of data
collected from all phases. The answers to each of these questions collectively an-
swered the Main Research Question - “What do developers of smartphone appli-
cations for older adults need to do to make their applications usable and accessible
for their target population?”. Forty four design patterns to develop smartphone
applications for older adults were developed as a result of this research. Five new
barriers and motivators towards smartphone applications usage by older adults
were identified through empirical work in comparison with related literature. This
research also supported that demographics impact on the usage of smartphone ap-
plication technology by older adults. Some of the differences between tech-savvy




6.4.1 Barriers preventing Smartphone Usage by Older Adults
This section articulates the key factors which older adults believe are barriers
towards smartphone usage by them, thus answering RQ1: What are the barriers
that prevent older adults from using smartphone applications?
In the 21st century, smartphones are becoming the device of choice for many
people, but older adults lag behind this trend (McGaughey et al. 2013). The
frequency of adoption and use of smartphones with associated services and ap-
plications amongst older adults is reportedly unclear (Berenguer et al. 2016) or
low (Mohadisdudis and Ali 2014). Hence, it is really important to understand the
barriers of smartphone use among older adults, as it would assist practitioners in
developing applications that would cater for their needs. There are a few studies
that try to get an in-depth understanding of why elderly refuse to use technology,
in particular smartphones (Mohadisdudis and Ali 2014). Other related studies
focus on understanding the Usability issues of specific applications and conclude
with recommendations for improvement in user interface design (Wong et al. 2018).
A specific study on perceived barriers towards smartphone adoption by older
adults has reported a total of eight factors (Mohadisdudis and Ali 2014). However
this study was conducted with a limited number of participants from Malaysia
only. Language difference between the participants and the interviewee, and the
Hawthorn effect (McCarney et al. 2007) could be impediments to reaching satura-
tion and quality of results. Therefore, I conducted fresh empirical work with older
adults in Ireland to gather insights from their perspective. This exercise gener-
ated seven themes, provide rich definitions of their needs and also encompassed
existing factors provided by (Mohadisdudis and Ali 2014). Four of these themes
supported the results of (Mohadisdudis and Ali 2014), whereas three new themes
were revealed: ‘Personal Preferences’, ‘Difficult to Operate’ and ‘Technical Issues’.
These are depicted in Figure 6.13.
Four of the themes from (Mohadisdudis and Ali 2014), vision, hearing, cognitive,
and motor impairment fall under the main category of ‘Age and Health Related
issues’ in my version. ‘Not affordable’ maps directly to the ‘Costs’ theme of my
empirical work. ‘No interest’ and ‘No Necessity’ come under the ‘Behavioural’
theme of my research. ‘Lack of knowledge’ maps directly to ‘Lack of Knowledge
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and Experience’ theme of my work. The new themes are ‘Personal Preferences’,
‘Difficult to Operate’ and ‘Technical Issues, as shown in Figure 6.13.
Figure 6.13: Three (3) New Barriers preventing Smartphone Usage by Older
Adults
6.4.2 Motivators towards Smartphone Usage by Older Adults
This section articulates the key factors which older adults believe are motivating
them towards using technology, thus answering RQ2: What attracts older adults
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to use smartphone applications over time?
Figure 6.14: Two (2) New Motivators towards Smartphone Learning and Usage
by Older Adults
There are few research articles describing the motivation of older adults to use
technology e.g., Internet (Martinez-Pecino et al. 2013), Email (Melenhorst et al.
2006), SNSs (Barker 2009). Moreover, there is minimal knowledge about the
reasons for older adults to adopt and use smartphones (Choudrie et al. 2014). Ex-
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amples include the work done by (McGaughey et al. 2013) and (Lee and Coughlin
2015), which describe motivations of older adults to use smartphones, but these
are based on surveying existing literature studies (Lee and Coughlin 2015) and
lack a primary empirical grounding (McGaughey et al. 2013). One of the promi-
nent research articles claims that older adults are slow to adopt mobile phones
and applications, despite the benefits they provide (Tang et al. 2013). This study
specifically presents the motivational factors leading older adults to learn and
use mobile phones with associated services/applications and emphasises three key
factors related to training; providing older adults with an instruction manual, a
simple task list, or trial and error (Tang et al. 2013). Review of other relevant
studies revealed additional factors, Safety and Security (DoCoMo 2001), Useful-
ness, Enjoyment (Conci et al. 2009), Exposure to Technology and Social Influence
(Kurniawan 2006, Leung 2011). The findings of the study by (Tang et al. 2013)
may have been effected by the limited number of participants and Hawthorn effect
(McCarney et al. 2007). There were only six participants. Therefore, I conducted
empirical work to gain a fresh perspective from Irish older adults. My empirical
work helped to confirm all of the eight factors retrieved from the literature. How-
ever, a total of seven themes were developed as a result of data analysis. Five
of these encompass the eight factors provided by existing literature as depicted
in Figure 6.14. Additionally, two new factors were also discovered that motivate
older adults to use smartphones, ‘Inclusiveness’ - involvement of other generations
and ‘Sense of Purpose’ - Giving back to society via volunteering.
6.4.3 Current Practice of Older Adults in the Context of
Smartphones
This section elucidates the level to which smartphones have been used by older
adults, thus answering RQ3: How are older adults using smartphones and the
associated applications?
The extent to which older adults adopt and use smartphones with associated ser-
vices and applications is not clear (Berenguer et al. 2016). There are few studies
conducted which used survey as an instrument to understand the usage and to
determine whether demographics and health status are correlated with the use of
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technology by older adults. An example is the study conducted in the Nether-
lands (Vorrink et al. 2017). This study concluded that demographics impact the
level of usage of Information and Communications Technology (ICT) by older
adults. Some of the factors that can have an adverse impact on usage include
lower education level, lower income, and poor quality of health. Another study
conducted recently in Pakistan used both survey and focus groups to investigate
the smartphone usage patterns of older adults over 45 years and highlighted eleven
frequently used features by older adults (Bhutta et al. 2017), as shown in Figure
6.15. Five out of eleven of these factors were supported by the findings of the
survey conducted as part of my research. Moreover, my findings were more gran-
ular and provide much deeper insights in terms of the age groups and usage. It is
imperative to distinguish between the different age groups of older adults, to en-
able practitioners to develop applications for a particular cohort (Vilbusch 2019).
Another survey conducted with older adults by (Vroman et al. 2015) stated that
demographic factors are associated with ICT use of older adults. In particular,
those with higher education, see Figure 6.16, and better living arrangements e.g.,
living with family, see Figure 6.17, are more likely to use technology. Earlier, Fig-
ures 5.4 and 5.5 presented in my results supported these findings, as people with
No Certificate are the least likely users of technology. However, there is no clear
distinction observed between different education levels. This means that education
as opposed to lack of education leads to increased use, but the extent to which
it does varies and does not indicate that someone with a doctoral degree will use
more than a high school education holder. This is visible in my results shown in
Figure 5.4, that indicates that some people with only some higher education use
technology more than doctors.
Further analysis also revealed that for most older adults, the extent of usage mea-
sured in number of hours is either between zero to two or eight to ten hours during
a typical week. My results differ in comparison with (Vroman et al. 2015). I have
classified the users as tech-savvy and non-tech savvy, whereas the work of (Vro-
man et al. 2015) has divided them into four types; maximal users, average users,
modest users and non-users. I have also examined the association of residence
with technology adoption, which is not found in (Vroman et al. 2015). The find-
ings of my survey are relevant to Irish older adults and might help practitioners
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Figure 6.15: Most Frequently Used Smartphone Functions by Older Adults
(Bhutta et al. 2017)
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Figure 6.16: Association Between Education and ICT Use (Vroman et al. 2015)




developing applications for older adults in Ireland and/or Europe, but they might
need tweaking for other regions of the world e.g., the case of (Bhutta et al. 2017).
6.4.4 Expectations of Tech-savvy and Non-tech Savvy Older
Adults from Smartphones
There is a need to understand the possible differences and commonalities among
tech-savvy and non-tech savvy older adults’ expectations from smartphone appli-
cations. This section highlights these aspects through answering RQ4: What do
tech-savvy and non-tech savvy older adults expect from smartphone applications?
A set of twelve parameters were chosen to compare non-tech savvy and tech-savvy
older adults in terms of their expectations from smartphones and the associated
applications. These twelve parameters and the differences between them are illus-
trated in Table 6.45.
Table 6.45: Comparison between Tech-savvy and Non-tech savvy, Older Adults
Expectations from Smartphone Applications
Parameter Non-tech savvy Older
Adults
Tech-savvy Older Adults
Privacy Non-tech savvy older adults
are very worried about their
privacy and confidentiality re-
garding smartphone usage and
demand features that respect
these.
Although, tech-savvy older
adults are worried about their
privacy like their counterparts,
they more precisely describe
what they expect in the future
generation of smartphone ap-
plications for them. For in-
stance, they recommend avoid-
ing the direction of older adults
to links that might be dodgy
and persuade them to buy
things online.
Presentation Non-tech savvy older adults
are reluctant to adopt com-
plexity and want content to be
presented in an easy to under-
stand format e.g., large and
centered text, audio reminders.
Tech-savvy older adults are
however comfortable with vi-
sualising information in more
complicated formats such as
pie charts or histograms.
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Passwords Non-tech savvy older adults
get perplexed with applica-
tions or systems that require
them to create complex pass-
words involving text, numer-
als, and special characters.
This also makes it difficult
for them to remember these.
They like applications that al-
low them to create simple pass-
words, which is a trade-off for
privacy.
Being familiar with technol-
ogy, tech-savvy older adults
want the applications to shift
towards bio-metrics and allow
signing up and signing in using
finger prints or face recogni-
tion, to make it easier for them
to use the application without
worrying about privacy.
Scrolling Techno-phobic or non-tech
savvy older adults want every
bit of information to be dis-
played on one screen without
the need to scroll horizontally
or vertically, which is difficult
to accomplish in the case of
complex applications.
On the other hand, tech-savvy
older adults are happy to use
an application that may in-
volve vertical scrolling.
Wi-Fi Non-tech savvy older adults
want the application to work
without the need of a Wi-Fi or
a paid data plan to save costs.
Tech-savvy older adults would
like to use devices that work on
their own built-in Wi-Fi e.g.,
4G LTE
1
, instead of purchas-
ing an external network ser-
vice.
Tutorials Techno-phobic older adults
want to have video tutorials
embedded in the app, so
that they can learn to use it
without the need for formal
training.
Tech-savvy older adults also
second this recommendation,
but they want the video tutori-
als to be hidden after they get
accustomed to the application.
1
LTE is an abbreviation for Long Term Evolution. LTE is a 4G wireless communications
standard developed by the 3rd Generation Partnership Project (3GPP) that’s designed to provide
up to 10x the speeds of 3G networks for mobile devices such as smartphones, tablets, netbooks,





Non-tech savvy older adults
prefer to have applications
with ring tones of lower fre-
quency, so that they can see
their mobile only when they
want to.
Tech-savvy older adults want
the sound of the ringtones to
be loud and high, so that they
do not miss anything impor-
tant.
Theme Techno-phobic or non-tech
savvy older adults want high
contrast between the fore and
background, so that they can
easily use the application.
Tech-savvy older adults also
like high contrast but they ad-
ditionally want an option in an
application that allows them




Non-tech savvy older adults
want the application to be de-
signed so that they do not have
to use a keypad at all.
Tech-savvy older adults un-
derstand that there might be
times when its necessary to use
a keypad, so they recommend
that the right keyboard should
be shown at the right time.
This means, for example, that
when there is a need to enter a




Non-tech savvy older adults do
not want an application to use
the word ‘old’, because they
feel patronized.
Tech-savvy older adults are
similar in this context, but
they do not have a strong pref-
erence to eliminate the key-
word ‘Old’. Instead, they look
for other culturally acceptable




Emails Non-tech savvy older adults do
not appreciate invasive func-
tionality such as bombardment
with promotional or app up-
grading emails and reminders.
Tech-savvy older adults, based
on their experience, look for an
app to help them in building a
strategy for the receipt of unso-
licited emails. This means, for
example, that if they ignore an
email/text for 72 hours, it au-
tomatically gets deleted. The
underlying notion is to politely
say ‘No’ to certain newcomers
or contacts in the system.
Load on
Memory
Non-tech savvy older adults
are not aware or concerned
about the space an application
takes on their mobile phone.
On the other hand, tech-savvy
older adults want the app and
the features within it, e.g., ad-
vertisements, to be of less size
and take less space on memory
so that their device works more
efficiently.
6.4.5 Actionable and Evaluated Recommendations
This section articulates the answer to RQ5: What are actionable and validated
recommendations for software practitioners to design and develop accessible and
usable smartphone applications for older adults?
The present design and development of mobile applications is not taking into ac-
count the specific needs and wants of older adults (Czaja and Sharit 1998, Kurni-
awan 2008 and Ziefle 2010). Moreover, the current smartphone operating system
guidelines, such as Apple’s iOS Human Interface Guidelines (Apple Developers
2013), Google’s Android design (Android Developers 2019), and Microsoft’s User
Experience Design Guidelines (Microsoft 2019) do not offer clear guidance in de-
signing for older adults (Leitão and Silva 2012). Therefore, as mentioned in the
previous sections of this thesis, few research studies provide recommendations on
what to do to cater for the needs of older adults in the context of technology such
as smartphones. The problems of these guidelines are explained earlier as well,
such as heterogeneity of classification and limited guidance on how and when to
use them, leading to lack of adoption by practitioners. A couple of attempts have
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been made to provide guidance on how to use these guidelines, e.g. (Leitão and
Silva 2012) and (Luna-Garcia et al. 2015) compiled guidelines in the format of
design patterns. But the existing attempts are outdated-the most recent is an
article published in 2015, limited in number, not holistic, cover only 2 very specific
Accessibility issues, lack empirical derivation, and are based only on literature be-
tween 2008 and 2014. One of them has design patterns derived from studies that
discuss web applications, rather than smartphone applications for older adults
(Luna-Garcia et al. 2015); and the other, which is about smartphones, has only
two very specific design patterns related to Accessibility (Leitão and Silva 2012).
Nonetheless, these studies advocate for further research in this domain and the
need to create a pattern library for practitioners and pedagogical settings (Leitão
and Silva 2012). My research, therefore, builds on this notion and encompasses
the design patterns provided by these studies via providing much richer and em-
pirically derived patterns. In addition, the recommendations in my patterns are
iteratively developed and evaluated through inter-rater reliability. A wide breadth
of categories is covered in my research, augmented with the vocabulary familiar
to practitioners. Two main categories, Usability and Accessibility, are covered;
which are necessary for making software, web, and mobile applications that work
for everyone. The comparison between existing studies presenting design patterns
and my work is shown in Figure 6.18. It is evident from the figure that my de-
sign patterns are adding to the existing body of knowledge and readily available
and consumable. To conclude, these design patterns can be a useful and reli-
able starting point for practitioners to develop usable and accessible smartphone
applications for older adults.
6.5 Summary
This chapter presented the recommendations converted into design patterns for-
mat. Research questions were answered in the light of the existing body of knowl-
edge. Comparisons were made to highlight the research gaps that were filled
through my research. This explained the benefits of my design patterns due to the
context they provide in comparison with the piecemeal and difficult to interpret
recommendations of the existing studies. Also, the unique aspect of these design
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patterns is that they are empirically derived and built on validated recommenda-
tions.




Conclusion and Future Directions
“We must conduct research and then accept the results.
If they don’t stand up to experimentation, Buddha’s own
words must be rejected.”
—Dalai Lama XIV
7.1 Introduction
The empirically derived design patterns that are proposed as part of this research
aim to serve as a basic but reliable starting point for practitioners who wish to cre-
ate well-designed software, in particular smartphone applications, for older adults.
This research stated that older adults have distinguishing characteristics which
need to be considered when developing smartphone applications for them. These
include fear (Vroman et al. 2015), wrong perception about technology (Fausset
et al. 2013), lack of knowledge and experience (Marquié et al. 2002, Mann et al.
2005), require more time to learn technology (Broady et al. 2010). The common
themes are decline in physical (Tennant et al. 2015) and mental health (John et al.
2019). The participants in this research involved non-tech savvy and tech-savvy
older adults who had peculiar expectations from smartphone applications. These
were presented in the form of 44 design patterns. Some of the underlying reasons
in difference of expectations derived from empirical work were lack of knowledge
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and experience with smartphone applications for them, personal preferences and
complex applications. Implementing the proposed patterns should improve the
design of applications, increasing the likelihood that older adults will use the ap-
plications, which in turn, may enhance the quality of life of older adults (Leitão
and Silva 2012 and Luna-Garcia et al. 2015).
Existing research has described the difficulties experienced by older users with
problems such as visual impairments and auditory or dexterity issues. However,
these studies have primarily focused on way-finding systems that use mobile de-
vices and basic mobile phones. Furthermore, many of the assistive technology
solutions for older adults with impairments that are suggested when using smart-
phones are screen readers and screen magnification software. There has been little
work done on investigating the needs and desires of this kind of user regarding
their requirements from smartphone technology, despite the growing popularity of
smartphones. In addition, there is no consensus on a particular set of guidelines
to make mobile phones accessible and usable for this cohort. Requirements elic-
itation (Goguen and Linde 1993) is a potential technique that allows developers
to discover, translate, articulate, and understand users’ needs and the constraints
on the device development. However, it is always difficult to collect information
through direct communication between end users and designers. Nonetheless, it
is important to select a systematic process for requirements elicitation to ensure
reliability and validity. Only a few attempts have been made to systematically
elicit requirements for individuals with disabilities or impairments. In order to
address this gap, I employed a systematic method to review existing design guide-
lines in scientific literature and tested them with user input using a mixed methods
study augmented with Golden Jubilants prototype development. I increased the
number of participants by enrolling users in a participatory observation study. I
evaluated the results of this study through inter-rater reliability and transformed
these results into design patterns for use by smartphone application designers.
These design patterns are intended to help practitioners, designers and developers
ensure the inclusion of a greater variety of Usability and Accessibility factors/pa-
rameters. These design patterns can be used in the design evaluation to suggest
necessary areas for interface re-design, and they can also be used throughout the
design process in evaluating multiple design alternatives. These design patterns
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aim to be easily integrated into the design process, even as early as paper mock-
ups. Current academic research is focused on the design and development of tools
to improve Usability and Accessibility, but there is a lack of guidelines for the
development of smartphone applications for older adults. Therefore, in the sec-
ond and third phase of my research, design guidelines were extracted and filtered
through the involvement of tech-savvy and non-tech savvy older adults using a
mix of qualitative and quantitative methods. Most of the results elicited during
these phases fall into the category of Usability and Accessibility, e.g., voice-enabled
interaction or predictable behavior of the back button. Some of the design pat-
terns also included improvements in the hardware, e.g., use of vibration to provide
feedback. Some of these patterns were presented in the existing studies as well in
the form of recommendations. The study participants during this research con-
sistently asked for audio feedback to aid with Accessibility. This was one of the
key limitations of the software applications for them, because it prevented them
from accurately navigating the touchscreen interface. Status feedback via audio
feedback when an item is touched need to be implemented in the next generation
of smartphone applications for older adults. Inclusion of this feature needs to be
consistent with the design principles presented in this research. Also, once older
adults become more proficient, they should have the option to disable features
that they find inappropriate for their level of expertise.
7.2 Limitations and Threats to Validity
It is imperative to consider limitations and threats to the validity of research
(Easterbrook et al. 2008). This is particularly important for empirical studies in
software engineering, where there is often a multitude of possible threats (Feldt
and Magazinius 2010).
7.2.1 Construct Validity
The objective of examining construct validity is to determine how well the test mea-
sures what it is supposed to and/or claims to measure. It focuses on whether the
theoretical constructs are interpreted and measured correctly (Easterbrook et al.
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2008). Problems with construct validity occur when the measured variables do
not correspond to the intended meanings of the theoretical terms. In my research,
which involved asking questions to the participants through interviews/surveys,
the interpretation of these questions can be different for the interviewer and the
interviewee. Pilot interviews were conducted to clarify any confusion. Moreover,
the development of the survey questionnaire involved both academic researchers
and industrial experts. Finally, System Usability Scale (Brooke et al. 1996) is a
reliable tool for measuring Usability and is used across a breadth of domains. The
use of these strategies strengthened the construct validity of my research. Also,
the study protocols and questionnaires were checked by three researchers (me and
my supervisors) to ensure that they are answering the key research question. The
sub-phases of the mixed methods research began with debriefing of the participants
and answering their queries. Audio recordings of interviews were transcribed on
the same day to avoid missing any important information. Similarly, field notes
taken during Usability studies were added to the data on the same day of the ses-
sions. To improve participants’ understanding, an information sheet was provided
to participants written in English. In addition, the iterative nature of this research
from interviews to analysis of mainstream applications for OAs helped to confirm
the findings.
7.2.2 External Validity
External Validity focuses on whether claims for the generality of the results are
justified. Often, this depends on the nature of the sampling used in a study
(Easterbrook et al. 2008). The findings of this research are based on input from
older adults in Ireland only, who were willing to participate in research activities
and learn about technology designed for them. Their input might be biased due
to their experience with technology, socio-economic status, or culture. This makes
it difficult to generalize the findings. Another alternative would have been the
inclusion of older adults from different ethnic backgrounds. This could have been
done by selecting samples from the longitudinal studies conducted across the globe
e.g., The Irish Longitudinal Study on Ageing (Barrett et al. 2011), but this was
not practical. Nevertheless, this study produced rich results that can serve as
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guidance for anyone delving into smartphone application development for older
adults. Also, the sub-phase of Phase 3, digital content extraction, involved older
adults from across the globe, which may have enhanced the external validity of
this research.
7.2.3 Internal Validity
Internal Validity focuses on the study design, and particularly whether the results
really do follow from the data. Typical mistakes include the failure to handle con-
founding variables properly, and misuse of statistical analysis (Easterbrook et al.
2008). For the literature review, snowballing (Wohlin 2014) was used primarily
to select studies, which is not a complete alternative to database searches, but it
claims to reduce noise. Moreover, the study protocols were verified by industry
and approved by the ethics committee of the University of Limerick. The partic-
ipants of this research study were aware of the kind of questions they would be
asked and they signed a consent form before beginning to give their input. The
sample size of participants was determined by reaching saturation. The inclusion
of a spectrum of participants with different social, cultural, and economic sta-
tus could strengthen the evidence. Also, the primary researcher had a different
first language and culture, which might have led participants not to fully open up
when answering questions. Nonetheless, some of the findings were validated via
the Usability study at the end. For phase 3, the problem is that the experience
of the researcher influences the data collection positively or negatively. However,
this is a weakness that applies to every type of research. In the context of think
aloud sessions, the setting was only an approximation of a real-life situation, not
the actual day-to-day life usage of technology by older adults. The primary lim-
itation of the examination of online ageing forums was the focus on two forums
only. Also, a limited sample of applications was selected from the mainstream
app stores. Despite the limitations, the results follow from the data collected via
empirical studies.
192
7.3 Contribution to Research
7.2.4 Reliability
Reliability focuses on whether the study yields the same results if other researchers
replicate it. Problems occur if the researcher introduces bias, perhaps because the
tool being evaluated is one that the researcher himself has a stake in (Easterbrook
et al. 2008). The technique for the collection and analysis of data in the context of
the literature review was applied in such a way that others can replicate it. More-
over, every choice or paper selection made by the first researcher was validated
by a second researcher. For subsequent studies, the protocol was piloted and re-
fined based on the feedback. In the context of evaluation of recommendations, the
inter-rater reliability exercise confirmed that somehow the study yields the same
results if other researchers replicate it. To ensure validity of the mixed methods
study, guidelines provided by (Creswell and Creswell 2017) were considered:
Triangulation - Numerous methods were used to accumulate data - interviews,
surveys, Usability study, think aloud protocol, digital content extraction. In ad-
dition, the data collection phase involved multiple researchers. This involvement
helped to alleviate bias, and improvement in reliability was a by-product.
Peer Debriefing - The findings were also presented to academic and industrial
partners for improvement suggestions. A Scrum based approach was used to man-
age Golden Jubilants prototype development and a Kanban board on Trello
1
was
set up to manage tasks. This also helped to achieve transparency whilst achieving
milestones. The industrial partners, Development Lead and Manager, were also
added on the board, and were able to see the progress and comment or query on
items.
7.3 Contribution to Research
In reference to the research questions, this research has made a number of contri-
butions:
1
Trello is a web-based Kanban-style list-making application which is a subsidiary of Atlassian.
Originally made by Fog Creek Software in 2011, it was spun out to form the basis of a separate
company in 2014 and later sold to Atlassian in January 2017. The company is based in New
York City. https://trello.com/en
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• The literature review has uncovered various problems and needs of older adults
regarding usage of smartphone applications like social networking applications.
The recurring considerations to improve the usage by older adults are outlined.
To achieve this, the results of literature review advocated the need to study and
develop more special and inclusive smartphone applications for older adults.
Additionally, a synthesised and an evaluated set of recommendations, ReDEAP
Version 1, for developing smartphone applications for older adults, classified into
‘Usability’ and ‘Accessibility’ is presented in Section 4.3. Figure 4.3 and Section
4.4 indicate a lack of attention being put into devising recommendations that
cover ‘Useful’ and ‘Valuable’ aspects of Usability. This implies that there is a
need for software designers and developers to address these aspects, as they help
to ensure that the smartphone applications fill the needs of and deliver value to
older adults.
• The research study conducted with older adults with a mixed levels of technical
experience, mainly non-tech savvy, has helped to understand barriers and moti-
vators regarding smartphone usage by older adults. The empirical research has
revealed three new barriers and two new motivators, in the light of existing liter-
ature, from the perspective of Irish older adults. In the course of this study, it is
identified that Android based devices are mainly used by older adults and they
are willing to use new smartphone applications, provided that they address their
concerns like privacy. This study also confirmed the findings of previous scien-
tific literature, which states that demographics are related to the smartphone
usage by older adults, as described in Section 5.2.2.
• An empirical study conducted with tech-savvy older adults highlighted the spe-
cific expectations of tech-savvy older adults from smartphone applications. Some
of the observed differences between tech-savvy and non-tech savvy older adults
in the findings of this research are presented in Table 6.45.
• In accordance with the research activities performed, the collated recommen-
dations are mapped with the Peter Morville’s Usability Honeycomb (Morville
2013) and W3C POUR principles (W3C 2015) and evaluated using inter-rater
reliability testing. The mapping activity performed with these principles, has
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supported the finalisation of the qualitative ReDEAP (Recommendations for
Developing Smartphone Applications for an Ageing Population) model for de-
veloping usable and accessible smartphone applications for older adults.
• In order to make these recommendations usable, they are transformed into de-
sign patterns. My research extended the design patterns covering both Usability
and Accessibility aspects. In addition, my work is built on existing literature
and multiple empirical studies with more than 250 older adults, in comparison
with existing related studies with limited scope and participants. Also, publi-
cation of this research’s design patterns online is a work in progress and will be
accomplished in the near future.
• For academia, the research results aim to provide an understanding of the recom-
mendations for developing smartphone applications for older adults. This work
helps to identify the barriers and motivators towards smartphone usage by older
adults and how to overcome these using recommendations. It is not claimed
that the results presented are complete, but the steps taken to conduct this
study offer a starting point to other researchers to conduct further research. At
various stages of this research, scientific papers were published about the knowl-
edge and lessons learned from the research. These papers were peer-reviewed
and accepted for publication in order to add to the established knowledge on
smartphone application development for older adults. For industry, the recom-
mendations in the design patterns aim to help the development of usable and
accessible smartphone applications for older adults, from development to testing
of applications.
7.4 Future Work
• Evaluate a complete set of design patterns and re-produce/modify within a
company-e.g., startup, SME, multinational organization- that has projects on
smartphone applications for older adults. This will result in a more actionable,
valid, and reliable set of design patterns.
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• Evaluate the design patterns during a hackathon on social innovation, in particu-
lar for silver surfers. This will produce results swiftly and also provide validation
on multiple projects within a few days.
• Further research with other older user groups who are actually socially isolated
and suffer from different types of disabilities. This may involve Tangible User
Interfaces to record their emotions, because they have the potential to accurately
record their emotions in a reasonable time (Gooch et al. 2020).
• Measure the impact of these guidelines for other age groups with similar char-
acteristics, whilst designing and developing applications specifically for them.
• Detailed analysis of the design patterns to determine the inter-dependencies
between the design patterns.
• Focus on improving cognitively related issues concerning older adults on smart-
phone applications and devising design patterns from this perspective. Because
this is one of the least touched areas in comparison with others such as visual
or hearing problems.
• Incorporate machine learning in the demonstrator tool (https://beeredrnd.
github.io/redeap/) to facilitate the efficient discovery of the design patterns
and embed this tool in the design process or pedagogical settings. This will only
show the patterns based on criteria such as high usage by the practitioner.
• Develop a Technology / Smartphone Acceptance Model for Older Adults.
• Develop design pattern recommender mobile apps, android, iOS, for practition-
ers and pedagogy.
• Develop and incorporate the findings of this research into a module/course on
PhD/master level focusing on ageing, especially technology creation for this age
group.
• Conduct case study on execution of design patterns with practitioners rather




• Conduct a study by focusing on a small number of controversial design patterns
e.g. ‘Avoid Links to Suspicious Resources’. Such studies could reveal more
insights into the long term consequences of design decisions regarding the use of
patterns and upon their effect during maintenance.
• Examine possibility of commercialising Golden Jubilants prototype.
In this century, smartphones have become a useful device for everyone. They can
help with communication and socialisation, banking transactions, or monitoring
exercise. They can also be connected with wearable devices and help people with
healthcare needs, e.g. older adults. Existing research states low uptake of mobile
phones and the associated apps and services by OAs, despite the benefits they can
provide. However, my empirical work, interviews, surveys, think aloud protocol,
revealed that OAs have smartphones, but they need to have applications designed
according to their expectations. Therefore, this research produced recommen-
dations in the form of design patterns to ensure that applications are designed
taking into consideration needs of OAs, as an important and growing part of the
population.
The ageing population all across the globe absolutely necessitates the inclusion of
older adults in technology such as smartphones. This can be achieved by develop-
ing smartphones and applications that cater for their specific needs, which is not
a wide-spread trend to date. Limited guidance was available on what to consider
when developing smartphone applications for older adults, but how to implement
them within a specific context has yet to be discussed. A couple of attempts have
been made in this direction, but they either lack empirical grounding or are lim-
ited in scope. The different types of classification and lack of validation made
the situation chaotic, and it appears to be difficult to choose a particular set of
recommendations for practitioners. This indicated the need to report recommen-
dations in terms familiar to practitioners, with the notion of enhanced adoption
and reflection of apps. This research, therefore, did so, by empirically deriving the
recommendations and evaluating them through inter-rater reliability. These were
reported as two main and 11 sub-goals of Usability and Accessibility. The resultant
set of recommendations was then transformed to 44 design patterns which aim to
provide a context to make it easier for practitioners to use them. The underlying
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objective of the design patterns was the ease of adoption by practitioners, so that
utilisation of them can be seen in the future applications for OAs. However, they
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Årsand, E., Tufano, J. T., Ralston, J. D. and Hjortdahl, P. (2008), ‘Designing mo-
bile dietary management support technologies for people with diabetes’, Journal of
telemedicine and telecare 14(7), 329–332. 23
Baker, K., Greenberg, S. and Gutwin, C. (2002), Empirical development of a heuristic
evaluation methodology for shared workspace groupware, in ‘Proceedings of the 2002
ACM conference on Computer supported cooperative work’, ACM, pp. 96–105. 31
Balata, J., Mikovec, Z. and Slavicek, T. (2015), ‘Koalaphone: touchscreen mobile phone
ui for active seniors’, Journal on Multimodal User Interfaces 9(4), 263–273. 20
200
REFERENCES
Bangor, A., Kortum, P. T. and Miller, J. T. (2008), ‘An empirical evaluation of the
system usability scale’, Intl. Journal of Human–Computer Interaction 24(6), 574–594.
40, 107
Barbosa Neves, B., Franz, R., Judges, R., Beermann, C. and Baecker, R. (2019), ‘Can
digital technology enhance social connectedness among older adults? a feasibility
study’, Journal of Applied Gerontology 38(1), 49–72. 3
Barker, V. (2009), ‘Older adolescents’ motivations for social network site use: The influ-
ence of gender, group identity, and collective self-esteem’, Cyberpsychology & behavior
12(2), 209–213. 177
Barrett, A., Burke, H., Cronin, H., Hickey, A., Kamiya, Y., Kenny, R. A., Layte, R.,
Maty, S., McGee, H., Morgan, K. et al. (2011), ‘Fifty plus in ireland 2011: first results
from the irish longitudinal study on ageing (tilda)’. 2, 191
Bennett, E. M., Alpert, R. and Goldstein, A. (1954), ‘Communications through limited-
response questioning’, Public Opinion Quarterly 18(3), 303–308. 42
Beren, D. and Popolo, M. (2019), The 10 Best Cell Phones for Seniors in 2019 [online],
available: https://www.lifewire.com/best-cell-phones-for-senior-citizens-4125595
[accessed: 31 March 2019]. 21
Berenguer, A., Goncalves, J., Hosio, S., Ferreira, D., Anagnostopoulos, T. and Kostakos,
V. (2016), ‘Are smartphones ubiquitous?: An in-depth survey of smartphone adoption
by seniors’, IEEE Consumer Electronics Magazine 6(1), 104–110. 3, 33, 175, 178
Bhutta, Z. I., Sheikh, J. A. and Yousaf, A. (2017), Usage of mobile phones amongst
elderly people in pakistan, in ‘International Conference on Applied Human Factors
and Ergonomics’, Springer, pp. 621–630. xiii, 179, 180, 182
Bianco, M. L., Pedell, S. and Renda, G. (2016), Augmented reality and home modifica-
tions: a tool to empower older adults in fall prevention, in ‘Proceedings of the 28th
Australian Conference on Computer-Human Interaction’, ACM, pp. 499–507. 18
Bieman, J. M., Straw, G., Wang, H., Munger, P. W. and Alexander, R. T. (2004),
Design patterns and change proneness: An examination of five evolving systems, in
‘Proceedings. 5th International Workshop on Enterprise Networking and Computing
in Healthcare Industry (IEEE Cat. No. 03EX717)’, IEEE, pp. 40–49. 60
201
REFERENCES
BiSmart (2019), 6 Ways Technology Can Make a Big Difference for Ag-
ing Populations [online], available: https://blog.bismart.com/en/
how-technology-helps-aging-populations [accessed: 27 March 2019]. 14
Bobeth, J., Deutsch, S., Schmehl, S. and Tscheligi, M. (2012), ‘Facing the user hetero-
geneity when designing touch interfaces for older adults: a representative personas
approach’, NordiCHI 2012 Proceedings pp. 1–4. 14, 285
Braun, V. and Clarke, V. (2006), ‘Using thematic analysis in psychology’, Qualitative
research in psychology 3(2), 77–101. 48, 49
Brereton, P., Kitchenham, B. A., Budgen, D., Turner, M. and Khalil, M. (2007), ‘Lessons
from applying the systematic literature review process within the software engineering
domain’, Journal of systems and software 80(4), 571–583. 44
Brewer, R., Garcia, R. C., Schwaba, T., Gergle, D. and Piper, A. M. (2016), ‘Explor-
ing traditional phones as an e-mail interface for older adults’, ACM Transactions on
Accessible Computing (TACCESS) 8(2), 6. 11, 13
Brewer, R. N. and Piper, A. M. (2017), ‘xpress: Rethinking design for aging and accessi-
bility through an ivr blogging system’, Proceedings of the ACM on Human-Computer
Interaction 1(CSCW), 26. 11, 13
Broady, T., Chan, A. and Caputi, P. (2010), ‘Comparison of older and younger adults’
attitudes towards and abilities with computers: Implications for training and learning’,
British Journal of Educational Technology 41(3), 473–485. 13, 188
Brooke, J. et al. (1996), ‘Sus-a quick and dirty usability scale’, Usability evaluation in
industry 189(194), 4–7. 40, 53, 54, 81, 104, 191, 239
Brown, T. and Wyatt, J. (2010), ‘Design thinking for social innovation’, Development
Outreach 12(1), 29–43. 51
Brunette, K., Eisenstadt, M., Pukinskis, E. and Ryan, W. (2005), Meeteetse: social well-
being through place attachment, in ‘CHI’05 Extended Abstracts on Human Factors
in Computing Systems’, ACM, pp. 2065–2069. 3
Buiza, C., Gonzalez, M. F., Facal, D., Martinez, V., Diaz, U., Etxaniz, A., Urdaneta,
E. and Yanguas, J. (2009), Efficacy of cognitive training experiences in the elderly:
Can technology help?, in ‘International Conference on Universal Access in Human-
Computer Interaction’, Springer, pp. 324–333. 23
202
REFERENCES
Bull, C., Harding, M., Mikusz, M., Knowles, B., Davies, N. and Hayes, N. (2018),
‘Designing mobile applications for older adults’, HotMobile . 3, 4
Bull, C. N., Simm, W. A., Knowles, B., Bates, O. E. G., Davies, N. A. J., Banerjee, A.,
Introna, L. D. and Hayes, N. (2017), ‘Mobile age: Open data mobile apps to support
independent living’. 3
Calak, P. (2013), Smartphone evaluation heuristics for older adults, PhD thesis. 4, 29,
70, 71
Callegaro, M., Manfreda, K. L. and Vehovar, V. (2015), Web survey methodology, Sage.
21
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and Izquierdo-Cortázar, D. (2009), Outdoors monitoring of elderly people assisted
by compass, gps and mobile social network, in ‘International Work-Conference on
Artificial Neural Networks’, Springer, pp. 808–811. 23
Campos, W., Martinez, A., Sanchez, W., Estrada, H., Castro-Sánchez, N. A. and Mu-
jica, D. (2016), ‘A systematic review of proposals for the social integration of elderly
people using ambient intelligence and social networking sites’, Cognitive Computation
8(3), 529–542. 68
Carmien, S. and Manzanares, A. G. (2014), Elders using smartphones a set of research
based heuristic guidelines for designers, in ‘International conference on universal access
in human-computer interaction’, Springer, pp. 26–37. 29, 70, 71
Carr, D. (2004), ‘Gender, preloss marital dependence, and older adults’ adjustment to
widowhood’, Journal of Marriage and Family 66(1), 220–235. 2, 11, 13
Carter, T. and Beresford, P. (2000), Age and change: models of involvement for older
people, Joseph Rowntree Foundation. 64
Central Statistics Office Ireland (2017), An Age Profile of Ireland [online],
available: http://www.cso.ie/en/csolatestnews/pressreleases/2017pressreleases/
pressstatementcensus2016resultsprofile3-anageprofileofireland/ [accessed: 26 March
2019]. xii, 1, 2
203
REFERENCES
Charbonneau, D. H. (2014), ‘Public library websites and adherence to senior-friendly
guidelines’, Public Library Quarterly 33(2), 121–130. 16
Chen, Y.-R. R. and Schulz, P. J. (2016), ‘The effect of information communication tech-
nology interventions on reducing social isolation in the elderly: a systematic review’,
Journal of medical Internet research 18(1), e18. 15
Choose (2019), Best mobile phones to stay in touch in old age [online], available: https:
//www.choose.co.uk/guide/best-mobile-phones-for-elderly.html [accessed: 31 March
2019]. 21
Chopik, W. J. (2016), ‘The benefits of social technology use among older adults are
mediated by reduced loneliness’, Cyberpsychology, Behavior, and Social Networking
19(9), 551–556. 25, 26
Chou, C.-C., Chang, C.-P., Lee, T.-T., Chou, H.-F. and Mills, M. E. (2013), ‘Technology
acceptance and quality of life of the elderly in a telecare program’, CIN: Computers,
Informatics, Nursing 31(7), 335–342. 3
Choudrie, J., Junior, C.-O., McKenna, B. and Richter, S. (2018), ‘Understanding and
conceptualising the adoption, use and diffusion of mobile banking in older adults: A
research agenda and conceptual framework’, Journal of Business Research 88, 449–
465. 3
Choudrie, J., Pheeraphuttharangkoon, S., Zamani, E. and Giaglis, G. (2014), ‘Investi-
gating the adoption and use of smartphones in the uk: a silver-surfers perspective’.
27, 177
Cicchetti, D. V., Shoinralter, D. and Tyrer, P. J. (1985), ‘The effect of number of rating
scale categories on levels of interrater reliability: A monte carlo investigation’, Applied
Psychological Measurement 9(1), 31–36. 42
Clarke, A. and Concejero, P. (2010), The digital divide–services for the elderly and
disabled in 2010–the prisma project, in ‘18th International Symposium on Human
Factors in Telecommunication’, Vol. 2991, Citeseer, pp. 1–8. 28
Clemmensen, T., Hertzum, M., Hornbæk, K., Shi, Q. and Yammiyavar, P. (2008), ‘Cul-
tural cognition in the thinking-aloud method for usability evaluation’, Icis 2008 Pro-
ceedings p. 189. xii, 57
204
REFERENCES
Cloutier, R. (2006), Applicability of patterns to architecting complex systems, Stevens
Institute of Technology Hoboken, NJ USA. 61
Coelho, J. and Duarte, C. (2015), Socially networked or isolated? differentiating older
adults and the role of tablets and television, in ‘IFIP Conference on Human-Computer
Interaction’, Springer, pp. 129–146. 67
Coelho, J. and Duarte, C. (2016), ‘A literature survey on older adults’ use of social
network services and social applications’, Computers in Human Behavior 58, 187–
205. 4, 15, 45
Coelho, J., Rito, F., Luz, N. and Duarte, C. (2015), Prototyping tv and tablet facebook
interfaces for older adults, in ‘IFIP Conference on Human-Computer Interaction’,
Springer, pp. 110–128. 69
Cohen, J. (1968), ‘Weighted kappa: Nominal scale agreement provision for scaled dis-
agreement or partial credit.’, Psychological bulletin 70(4), 213. 42
Coleman, G. W., Gibson, L., Hanson, V. L., Bobrowicz, A. and McKay, A. (2010),
Engaging the disengaged: How do we design technology for digitally excluded older
adults?, in ‘Proceedings of the 8th ACM Conference on Designing Interactive Sys-
tems’, ACM, pp. 175–178. 14, 64
Comte, A. (2015), A general view of positivism, Routledge. 61
Conci, M., Pianesi, F. and Zancanaro, M. (2009), Useful, social and enjoyable: Mobile
phone adoption by older people, in ‘IFIP Conference on Human-Computer Interac-
tion’, Springer, pp. 63–76. 27, 28, 178
Cornwell, E. Y. and Waite, L. J. (2009), ‘Social disconnectedness, perceived isolation,
and health among older adults’, Journal of health and social behavior 50(1), 31–48.
11
Coughlin, J. F., D’Ambrosio, L. A., Reimer, B. and Pratt, M. R. (2007), Older adult
perceptions of smart home technologies: implications for research, policy & market
innovations in healthcare, in ‘2007 29th Annual International Conference of the IEEE
Engineering in Medicine and Biology Society’, IEEE, pp. 1810–1815. 3
Courtney, K. L., Demeris, G., Rantz, M. and Skubic, M. (2008), ‘Needing smart home




Creswell, J. W. and Creswell, J. D. (2017), Research design: Qualitative, quantitative,
and mixed methods approaches, Sage publications. 37, 38, 39, 47, 48, 49, 55, 56, 61,
193
Cronbach, L. (1951), ‘J.(1951). coefficient alpha and the internal structure of tests’,
Psychometrika 16(3), 247–334. 53
Czaja, S. J. (2017), ‘The role of technology in supporting social engagement among older
adults’, Public Policy & Aging Report 27(4), 145–148. 25, 26
Czaja, S. J. and Sharit, J. (1998), ‘Age differences in attitudes toward computers’,
The Journals of Gerontology Series B: Psychological Sciences and Social Sciences
53(5), P329–P340. 185
Darvishy, A. and Hutter, H.-P. (2017), Recommendations for age-appropriate mobile
application design, in ‘International Conference on Applied Human Factors and Er-
gonomics’, Springer, pp. 241–253. 14
Dasgupta, D., Chaudhry, B., Koh, E. and Chawla, N. V. (2016), ‘A survey of tablet
applications for promoting successful aging in older adults’, IEEE Access 4, 9005–
9017. 25
de Barros, A. C., Leitão, R. and Ribeiro, J. (2014), ‘Design and evaluation of a mobile
user interface for older adults: navigation, interaction and visual design recommen-
dations’, Procedia Computer Science 27, 369–378. 3, 4
De Bruin, E., Schoene, D., Pichierri, G. and Smith, S. T. (2010), ‘Use of virtual reality
technique for the training of motor control in the elderly’, Zeitschrift für Gerontologie
und Geriatrie 43(4), 229–234. 17
de Lara, S. M. A., de Mattos Fortes, R. P., Russo, C. M. and Freire, A. P. (2016), ‘A
study on the acceptance of website interaction aids by older adults’, Universal Access
in the Information Society 15(3), 445–460. 16
de Lima Salgado, A., Federici, F. M., de Mattos Fortes, R. P. and Motti, V. G. (2019),
Startup workplace, mobile games, and older adults: a practical guide on ux, usability,
and accessibility evaluation, in ‘Proceedings of the 37th ACM International Confer-
ence on the Design of Communication’, ACM, p. 15. 5, 6
Dı́az-Bossini, J.-M. and Moreno, L. (2014), ‘Accessibility to mobile interfaces for older
people’, Procedia Computer Science 27, 57–66. 4, 14, 29, 70, 71
206
REFERENCES
Dickie, C. and Forde, P. (2007), ‘The hidden potential of organisational planning: match-
ing alexander’s theory of patterns to practice’, Connecting theory and practice pp. 1–
28. 61
DoCoMo, N. (2001), ‘Mobile phones increasingly popular among the elderly’, Press
Release 34(11). 178
Dodd, C., Athauda, R. and Adam, M. (2017), Designing user interfaces for the elderly:
a systematic literature review, in ‘Proceedings of the Australasian Conference on
Information Systems’, pp. 1–11. 4, 13
Doyle, C. and Goldingay, S. J. (2012), ‘The rise of the ‘silver surfer’: Online social
networking and social inclusion for older adults’, Journal of social inclusion 3(2), 40–
54. 3
Dumas, J. S. (2002), User-based evaluations, in ‘The human-computer interaction hand-
book’, L. Erlbaum Associates Inc., pp. 1093–1117. 57
Easterbrook, S., Singer, J., Storey, M.-A. and Damian, D. (2008), Selecting empirical
methods for software engineering research, in ‘Guide to advanced empirical software
engineering’, Springer, pp. 285–311. 190, 191, 192, 193
El Emam, K. (1998), Benchmarking kappa for software process assessment reliability
studies, Citeseer. 43
El Emam, K. and Wieczorek, I. (1998), The repeatability of code defect classifications,
in ‘Proceedings Ninth International Symposium on Software Reliability Engineering
(Cat. No. 98TB100257)’, IEEE, pp. 322–333. 43
Ellis, C., Bochner, A. P., Denzin, N. K. and Lincoln, Y. S. (2000), ‘Handbook of quali-
tative research’, The handbook of qualitative research . 55
European Commission (2018a), 2018 Ageing Report: Policy challenges for age-
ing societies [online], available: https://ec.europa.eu/info/news/economy-finance/
policy-implications-ageing-examined-new-report-2018-may-25 en [accessed: 10 June
2019]. 1
European Commission (2018b), The 2018 Ageing Report Economic and Budgetary Pro-
jections for the 28 EU Member States (2016-2070) [online], available: https://ec.




European Commission (2018c), Top 25 influential ICT for Active and Healthy Age-
ing projects [online], available: https://ec.europa.eu/digital-single-market/en/news/
top-25-influential-ict-active-and-healthy-ageing-projects [accessed: 26 March 2019].
19, 28
Everitt, J. and Gfellner, B. (1989), ‘Older adults’ needs and resources in a rural com-
munity: The share our services project.’. 3
Fang, W.-C., Hsieh, M.-C., Yang, P.-C., Li, W.-G., Chiu, C.-J. and Chiang, J.-H. (2015),
idiannao: an orange technology that recommends volunteer opportunities to older
adults, in ‘2015 International Conference on Orange Technologies (ICOT)’, IEEE,
pp. 38–41. 3
Fang, Y., Chau, A. K., Wong, A., Fung, H. H. and Woo, J. (2018), ‘Information and com-
municative technology use enhances psychological well-being of older adults: the roles
of age, social connectedness, and frailty status’, Aging & mental health 22(11), 1516–
1524. 25
Farage, M. A., Miller, K. W., Ajayi, F. and Hutchins, D. (2012), ‘Design principles to
accommodate older adults’, Global journal of health science 4(2), 2. 13
Fausset, C. B., Harley, L., Farmer, S. and Fain, B. (2013), Older adults’ perceptions
and use of technology: A novel approach, in ‘International Conference on Universal
Access in Human-Computer Interaction’, Springer, pp. 51–58. 12, 188
Feldt, R. and Magazinius, A. (2010), Validity threats in empirical software engineering
research-an initial survey., in ‘Seke’, pp. 374–379. 190
Fendt, J. and Sachs, W. (2008), ‘Grounded theory method in management research:
Users’ perspectives’, Organizational Research Methods 11(3), 430–455. 63
Findlay, R. A. (2003), ‘Interventions to reduce social isolation amongst older people:
where is the evidence?’, Ageing & Society 23(5), 647–658. 11
Fischer, S. H., David, D., Crotty, B. H., Dierks, M. and Safran, C. (2014), ‘Acceptance
and use of health information technology by community-dwelling elders’, International
journal of medical informatics 83(9), 624–635. 3
Fisher, C. and Buglear, J. (2010), Researching and writing a dissertation: an essential
guide for business students, Pearson Education. 62, 63
208
REFERENCES
Fisk, A. D., Rogers, W. A., Charness, N., Czaja, S. J. and Sharit, J. (2009), ‘Designing
for older adults: Principles and creative human factors approaches, 2009’. 1, 2, 6
Frik, A., Nurgalieva, L., Bernd, J., Lee, J., Schaub, F. and Egelman, S. (2019), Privacy
and security threat models and mitigation strategies of older adults, in ‘Fifteenth
Symposium on Usable Privacy and Security (2019)’. 17
Gabriela, B. (2018), Startups Serving The Elderly Are Tech’s Next
Big Market [online], available: https://news.crunchbase.com/news/
startups-serving-the-elderly-is-techs-next-big-market/ [accessed: 26 March 2019]. 5,
6
Gamma, E. (1995), Design patterns: elements of reusable object-oriented software, Pear-
son Education India. 61
Gao, Q., Ebert, D., Chen, X. and Ding, Y. (2015), ‘Design of a mobile social community
platform for older chinese people in urban areas’, Human Factors and Ergonomics in
Manufacturing & Service Industries 25(1), 66–89. 23, 25
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Link to Full Protocol
The following URL contains protocol for the literature review conducted as part
of the mixed methods study during Phase 2.
http://tiny.cc/SLR_TR
This section explains how five studies on recommendations for developing accessi-
ble and usable smartphone applications for older adults were selected. The number
of citations for the base study was five and the references were 13. To strengthen
evidence and avoid missing a relevant study, a second iteration of forward snow-
balling conducted on the five citations of first iteration helped to find 818 studies.
This means that the review of a total of 836 studies resulted in five finally selected
studies used to derive recommendations. These studies were also confirmed later
as proposing guidelines for smartphones applications for older adults only in a






The purpose of the interviews was to identify the potential barriers interfering
with and the motivators towards the use of smartphone applications, e.g., social
network systems, for older adults. In addition, the intention was to understand the
attitude of older adults towards technology and extract and accumulate functions
that should be met by a smartphone application to make it usable by and accessible
for them. Also, the intent was to understand the viability of an interactive vir-
tual community network that will help you find/provide volunteer services locally,
which in turn can integrate older adults into the local community. To participate
in this interview, we need to check the following with you (older adults).
Your Profile
• Do you have access to at least one technology (e.g. text on phone, skype on
ipad]? [Y / N]
• Do you have access to the internet at home? [Y / N]
• Are you over 50? [Y / N]
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• Are you fully or partially retired? [Y / N]
• Do you have 45 minutes to 1 hour free now? [Y / N]
• Do you live in Rural or Urban Ireland? [Rural / Urban]
• Have you undertaken volunteer work now or in past? [Y / N]
Confidentiality
With your permission we would like to analyse and aggregate the data along with
all the other responses we collect from the general public. Any data relating to
the interviews will be securely stored, and anonymised so that your name will not
be associated with any of your responses. Your identity will remain confidential.
Your name will not be published and will not be disclosed to anyone outside the
study group. Please be assured that you have the right to withdraw from being
interviewed at any time during the interview, and do not have to participate in
this study if you do not wish to do so. We anticipate that this session will take
about an hour.
Permission
This research project has been approved by the Faculty of Science and Engineering
Ethics Committee at the University of Limerick, and is being facilitated by Dr
Sarah Beecham and Prof Ita Richardson from Lero - the Irish Software Research
Centre, University of Limerick.
Further Information
If you are interested in learning more about this research and how your answers
have guided our study please include your contact details here:
——————————————————————————————-
Alternatively, you can gather more information or answers to your questions about
the study, your participation in the study, and your rights, from lead researcher Dr
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Sarah Beecham (sarah.beecham@lero.ie). If the study team learns of important
new information that might affect your desire to remain in the study, you will
be informed at once. If you have further questions regarding this research please
feel free to get in touch with me via the email address: bilal.ahmad@lero.ie. If
you have concerns about this study and wish to contact someone independent,
you may contact: The Chair, Faculty of Science and Engineering Research Ethics
Committee, University of Limerick, Limerick. Tel: 061 202802.
Demographic Questions
1. What is your age?
2. What is your gender?
3. What is your marital status?
4. What are your educational achievement(s)?
5. What is (or was) your profession before you retired?
6. What are your living arrangements? Tick whichever applies.
• I live alone
• I live with extended family
• I live in a care centre
• Other: please specify





• Could be Better
• Bad
232
8. What is the name of the town/village where you live?







Thank you for completing this survey, and for your participation in the focus
group.
Detailed Questions
1. What types of technology do you use to connect with people?
—————————— —————————— —————————— ——
———————— —————————— ——————
2. Which one is your favourite, and why?
—————————— —————————— —————————— ——
———————— —————————— ——————
3. How adventurous are you about technology?
• What new technologies have you tried this year?
• Could you please list the websites or apps or any technology you interact
with?
• How are you using the technology(ies) and how often do you use it?
—————————— —————————— —————————— ——
———————— —————————— ——————
233
4. Did you know that there are some websites/apps developed especially for
older adults?
• Do you think that there is a need to have a tailored website for people
of your age? (e.g. catering for vision, dexterity, etc).
—————————— —————————— —————————— ——
———————— —————————— ——————
5. Who do you talk to using your chosen communication device? (List top 5
people and or groups:)
—————————— —————————— —————————— ——
———————— —————————— ——————
• Do you use Facebook or Skype or Twitter or Facetime for this purpose?
(List how you communicate:)
—————————— —————————— ——————————
—————————— —————————— ——————
• How often do you use the technology for communication? (circle the
frequency that most accurately represents your usage)
– Several times a day
– Once a day
– A few times a week
– Twice a week
– Once a week
– Once a fortnight
– Once a month
– Vary rarely
– Never.




• How do you feel about the technology you mentioned? E.g. you like it
and cannot imagine anything better, or ???
—————————— —————————— ——————————
—————————— —————————— ——————
• Is this technology helping you to integrate with family/friends and local
community? [Y / N] If Yes, how?
—————————— —————————— ——————————
—————————— —————————— ——————




6. Have you had any experience working/acquiring as a volunteer? [Y / N]
• If yes, what, if anything, did you gain personally from volunteering?
• What motivates you to do volunteer activities?
• Do you expect any kind of incentives by using our system to provide
volunteer services? (e.g. virtual rewards, certificates).
—————————— —————————— —————————— ——
———————— —————————— ——————
7. We are planning to develop a platform (web or mobile app) – a new way for
you to engage with the local community. The idea is that you can use the
platform to search for services or offer volunteer services within your local
community. Our concept is, for example, if you would like someone to give
you a lift to a shopping centre, you can just use our system to search those
people who are willing to provide this service. You can simply text or call
them and they will be come to pick you and vice versa. Other examples
could be teaching, counselling, coaching, sports. We do not have a name for
the platform. Can you help? What do you think we should call our new
idea? Ideas for what we can call this idea:
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—————————— —————————— —————————— ——
———————— —————————— ——————
• What are your thoughts about having such a system?
—————————— —————————— ——————————
—————————— —————————— ——————
• Do you have a skill(s)/hobby that you would like to share?
—————————— —————————— ——————————
—————————— —————————— ——————




• How would you like to communicate (e.g., by talking in a similar way
to a telephone like alexa from amazon, Siri for Mac, texting, emailing,
dialling on a phone) about any services which you require/offer?
—————————— —————————— ——————————
—————————— —————————— ——————




8. What are the additional functionalities that you would like to be included
in our system? (e.g. calendar for reminder, diary or planner)
—————————— —————————— —————————— ——
———————— —————————— ——————
9. Is there anything else you would like to say about why you want or don’t
want such a system?
—————————— —————————— —————————— ——
———————— —————————— ——————
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10. Are you are interested in being involved in the future in evaluating our
prototype? [Yes / No] If yes, please give us your contact details here:






The survey was conducted online and following URL contains the protocol and




Protocol for System Usability
Study
System Usability Scale (Brooke et al. 1996)
1. I think that I would like to use this system frequently.
2. I found the system unnecessarily complex.
3. I thought the system was easy to use.
4. I think that I would need the support of a technical person to be able to use
this system.
5. I found the various functions in this system were well integrated.
6. I thought there was too much inconsistency in this system.
7. I would imagine that most people would learn to use this system very quickly.
8. I found the system very cumbersome to use.
9. I felt very confident using the system.
10. I needed to learn a lot of things before I could get going with this system.
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Three (3) Semi-structured Questions
1. Question 1 - Can you please give your feedback on any other changes which
you would like to see in this version of the system?
2. Question 2 - What (if any) are the additional features (functional and non-
functional) you would like to be included in the system?
3. Question 3 - What do you expect or need to get involved in this project such
as Internet, funding, training, special equipment?
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Appendix E
Protocol for Evaluation of
Mainstream Apps for Older
Adults
Selection Process of Apps
The selection process of applications for older adults on mainstream app stores is
shown in Figure E.1. I started with identifying keywords and joined them together
to define search strings. An example search string applied to app stores is ‘apps
for older adults’. I then searched Android and Apple app stores using the defined
search strings. Initial search produced 177 and 18 results for the former and latter.
A scrutiny was performed on these retrieved apps using the inclusion and exclusion
criteria, as described in Table E.1. This exercise reduced the number of apps, and
I was left with a set of 101 android and 6 iOS apps (Table E.2 shows the accepted
and rejected apps). As the evaluation of 107 apps would have required a herculean
effort, therefore I selected a sample of apps from this set. In order to reduce
the sampling error and achieve precision, I opted for stratified sampling method.
Hence, these 107 selected apps were carefully reviewed, arranged and classified
into 9 different categories as shown in Figure E.1. After stratification of the apps,
simple random sampling technique was applied on each of the nine sub groups. An
equivalent percentage of each type of apps were selected, 30%. This step resulted
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in a total of 32 finally selected apps, 30 android and 2 iOS based. The category,
short description, name and URL of a subset of these apps selected for evaluation
are presented in Table E.3.
Figure E.1: Selection Process of Apps
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Inclusion and Exclusion Criteria for Selection of
Apps
Table E.1: Inclusion and Exclusion Criteria for Selection of Apps
Inclusion Criteria
1. The app should be external.
2. The functionality of the app must claim and address primarily
the needs of older adults.
3. The app should be up to date, meaning that it is still in use and
developers support it.
4. The app should work fine on Android or iOS devices.
5. The app should be free to use or at least have a demo version.
6. The app should have more than 100 downloads.
7. The app should have a rating of more than 3.
Exclusion Criteria
1. The app is a built in application.
2. The application is primarily aimed for other age groups e.g.
Netflix and it is mentioned in description that it can be only used
by older adults.
3. The app is not free and doesnt́ have a demo version.
4. The app requires external hardware, bands, pendants e.g., Fitbit,
to operate effectively.
5. The app has less than 50 reviewers.
6. The app is in language other than English.
7. The app is older than 5 years.
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Evaluation Process of Apps for Older Adults
Figure E.2: Evaluation Process of Apps for Older Adults
Accepted and Rejected Apps for Older Adults on
Google Playstore and Apple iTunes
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Classification and Details of a Subset of Selected
Apps
Table E.3: Classification and Details of Selected Apps
Sr.
No.
















”The HelpAge SOS ‘Save Our Se-
niors’ App seeks to provide Emer-
gency and market access critical
information to the Indian Elders.
This app serves as a one-stop se-
curity measure for elders nation-
ally, connecting them to the Hel-
pAge Local Helplines across In-
dia. The SOS calls made through
the app will be directly answered
by the HelpAge helpline staff or
counsellor. It is a 24x7 func-
tionality aimed at helping elders
in distress around the clock. In
case of emergencies, it connects
them with the local police, hos-
pital or old age homes. The sec-
ond feature seeks to empower the
older adults with ‘Information on
Critical Issues’ e.g. how to take
care of their health in later years;
how to live an active life; their
rights and entitlements; financial
planning; wills and legacies; pen-
sion schemes and tips on how to
beat loneliness etc. The third fea-
ture of the app provides real time
GPS enabled information on re-
tail outlets that provide discounts
to senior citizens who are mem-























”This app is meant for those older
adults who can’t go to gym or
park or can’t do heavy exercises.
Although chair is shown in all
the instructional photos/videos,
but the exercises are beneficial
for those as well who don’t need
chair. The exercises focus on full
body flexibility. All the workout
routines are designed by a pro-
fessional fitness coach. The app
is equipped with very helpful tex-
tual and video based instructions.
It is also intended to keep older
adults motivated through moti-
vational quotes. It guides older

















”This app provides a simple, easy
to use and friendly interface for
android phones for old people
and minimalists. It makes the
font and icon size larger which
can help to use mobile without
glasses. Additional features in-
clude quick dialing, emergency













”This app makes the keyboard
big with keys arranged in alpha-
betical order. It also adjusts
the keyboard to 6 keys per line
with extra large font. It is very
comfortable and highly recom-
mended for older people. The
keyboard height, font size, vibra-
tion, sounds and languages are all
customizable.”
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”Lumen is one of the latest dat-
ing apps specifically designed for
over 50s. It helps older adults
to find and meet like-minded peo-
ple in a fun and safe environment.
This app revolutionalizes the on-
line dating by offering quality
conversations with genuine peo-
ple. 100% of the profiles are ver-
ified and Lumen has a key fo-
cus on fun and adventure. ‘Ma-
ture dating’ doesn’t have to be
a euphemism for dry and boring.
Online dating doesn’t come with
age limits. Senior dating should
just mean you can chat to peo-
ple the same age as you - not
that dating suddenly has to be
boring. Lumen lets singles aged
50 and over browse other lumen
member profiles, start conversa-
tions with other Lumen members,
respond to messages from other
Lumen members, discover like-
minded singles based on common
interests and know that everyone
on the app is who they say they


















”This app allows older adults to
connect colored pieces to form
three in a row in a simple and un-
complicated way. Its a beginning
of an Infinite game. The puzzles
in the app are suitable for older
adults, since the menus and the
game are created from a concept
of extreme simplicity. Passing
levels, in addition, is easy so it is a
great hobby for seniors who want
to exercise their mind and have
fun without worries with their
mobile phone. It is intended to
help older adults to train memory
skills, coordination and other nec-
essary skills. The mechanics are
basic, a panel with shapes of dif-
ferent colors is presented and con-
sists of moving pieces to achieve
three shapes of the same color.
It’s that easy, once you reached
score points, with a limit of es-
tablished movements, the player
passes level. There is no limit,
there are infinite levels.”
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”Sudoku is a game designed to
develop different cognitive areas
such as attention, memory and
processing speed of older adults.
This app is equipped with best
logic games and number puzzles
to put your brain to work! The
mechanics of the Sudoku are very
simple i.e. 9 grids (3X3) will ap-
pear on the game screen. Some
cells will appear with numbers
written in advance. Older adults
must fill in the blank cells with
numbers from 1 to 9, so that each
row, each column, and each 3X3
box does not have repeated num-
bers.This game is suitable for all
ages, especially for older people as
it helps in active aging and keeps
the brain in shape.”














”This app helps older adults
to save money at their favorite
restaurants, grocery stores, movie
theaters, and more. It provides
a comprehensive guide to busi-
nesses in the United States that
offer special discounts to senior
citizens. Some of key features
of this app include fully search-
able entire database, sort by dif-
ferent categories, filter by age to
see which discounts an older adult


















”Homer Player is an audio-book
player app for the elderly. Its sim-
ple user interface makes it easy
to operate for seniors and people
with poor vision (or both). The
key features of this app are
1. Simplicity - It provides just a
list of audio-books and a ”start”
button.
2. Flip-to-stop: There’s no need
to press any buttons to pause
playback, just put the device face
down on a table.
3. Low-vision friendly interface:
Book titles are read aloud and
high contrast, large UI elements
are used.
4. Adjustable speed: Slow down
playback for those books that are
hard for hearing.
The unique feature of this app is
a single application mode (kiosk)
i.e. with this mode enabled older
adults cannot exit the application
so he/she doesn’t need to know
how to use a tablet. It is perfect
for building a dedicated audio-

















”The Mobile Age app aims to
provide information on services,
volunteering opportunities and
events aimed at older adults liv-
ing the the South Lakeland area
in the UK. These events and ser-
vices are combined with informa-
tion for transport and travel, fa-
cilities on route, such as public
toilets and benches and weather.
Older adults can specify their
preferences in their profile to
tailor searches to their specific
needs. Clear and trustworthy
information is provided through
one portal that links up open
data from various trusted sources,
avoiding the need for multiple
searches, thus reducing barriers
to social participation.”
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”Empowerji is the easiest way for
older adults to keep up with mod-
ern day technology. No need to
be dependent on your family or
friends to teach you.The Empow-
erji app helps older adults learn
how to use everyday apps, sites
and more so that they can live
happy self-reliant lives. This app
is available in 4 languages En-
glish, Hindi, Marathi and Gu-
jarati. Finally EVERYONE can
learn at their own pace. Featur-
ing simple user interface which
is custom designed to suit new
learners. Learn from Empowerji’s
simple step by step videos, enjoy
the curated features and show-
case your writing and photogra-
phy work with the community.
Some of key features include:
1. Easy login using mobile num-
ber.
2. Learn from library of multi lin-
gual learning videos.
3. Seek assistance on the App at
every stage.
















”Pocket Magnifier with LED light
is an app that changes older
adults device into a magnifying
glass with a flashlight. The ap-
plication magnifier is easy to use
and has following functions:
1.Zoom x2 x3 x4 x8
2.Highlighting reading text
3.Function view in negative color
4.Auto-focus
5.To take a picture/screenshot of
magnified image. This app is per-
fect for the older adults and the
visually impaired. It is excel-
lent and must better than reading













”The Mature Dating app is the
perfect solution for all 40 plus sin-
gle mature men and women who
are seeking a new dating expe-
rience, like-minded people, excit-
ing online interactions, real dates,
and serious relationships. Meet
senior people in your area. This
app allows older adults to cre-
ate a profile, browse thousands
of mature singles’ profiles, find
matches in your area, send winks
to anyone you like, join free chat
rooms wherever you are, use ice-
breaking features to initiate com-
munication, receive and reply to
messages from members who are
interested in you. This app is the
right choice for you to find older













”Cubigo is an easy-to-use app for
seniors and their families to help
promote healthy, connected and
self-managed living. This app
helps older adults to embrace care
and independent living with a su-
perior user experience. It also
helps to stay in touch with loved
ones, family and your community.
This app helps in making connec-
tions through the Internet that
are safe and secure. And most im-
portantly the data of older adults
is always secure! The basic free
services allow older adults to con-
necting with friends, ask for help,
remind them for medications and





Preliminary ReDEAP (Interviews and Surveys)
Table F.1: Preliminary ReDEAP
Sr.
No.
Recommendation Description Main Cate-
gory
1. Ensure increased privacy in the application by de-
fault. Moreover, clarify, simplify and tailor privacy
and settings.
Usability
2. Avoid invasive functionality and emails. Usability
3. Clarify implications of functions to prevent social
blunders.
Usability
4. Reduce and moderate fake accounts. Usability
5. Avoid targeting specific age groups. Accessibility
6, Avoid pressurising techniques, reminders or fea-
tures.
Usability
7. Avoid games, apps and irrelevant functionality. Usability
8. Provide users control to see contacts which they
desire, delete content and account (if desired).
Usability
9. Allow control over what emails the user wishes to
receive.
Usability
10. Allow partial anonymity if desired. Usability
11. Allow categorization of contacts. Usability
12. Use a simple layout on the site. Usability
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13. Remove unnecessary content i.e. reduce or avoid
advertisements.
Usability
14. Clarify if the site has a financial cost or is free. Usability
15. Reassure users that suitable security measures are
in place.
Usability
16. Provide support to explain/help/guide users
through tasks.
Usability
17. Avoid unnecessary complexity when changing set-
tings or completing tasks.
Usability
18. Avoid drastic and frequent changes to the site. Accessible
19. Avoid technical terminology in the application. Usability
20. Avoid using small print check-boxes for additional
services or information sharing.
Accessible
21. Follow accessibility guidelines in the application. Accessible
22. Avoid similar designs to sites or applications where
people hold negative assumptions e.g. Ryanair.
Usability
23. Allow mass distribution of messages, if needed. Usability
24. Allow for session, or ‘off-the-record’ private mes-
sages.
Usability
25. Provide moderation and/or reporting functionality
in the application.
Usability
26. Focus on a specific purpose in the application. Usability
27. Ensure that chat have a central role in a SNS. Usability
28. Create incentives for more direct communication
in a SNS.
Usability
29. Make the direct forms of communication capable
of capturing both the permanence of asynchronous
exchanges and interactivity of synchronous play.
Usability
30. Support or increase the visibility of video chat fea-
tures.
Usability
31. Avoid the creation of new social obligations. Usability
32. Design the SNS to better support the maintenance
of family relationships.
Usability
33. Make the SNS support traditional forms of ex-
pressing family engagement.
Usability
34. Support or implement family related functionali-
ties.
Usability
35. Ensure that different genders are not treated dif-
ferently in the application.
Usability
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36. Make group specific functionalities or group spe-
cific options.
Usability
37. Simplify a features access focusing on frequency of
use.
Usability
38. Highlight acquaintances over new friends and pro-
vide appropriate terms when referring to individ-
uals the user does not know.
Usability
39. Provide options for avoiding friend suggestions and
unsolicited emails.
Usability
40. Adapt availability of modalities to each user and
make alternative modalities of interaction non-
instructional.
Accessible
41. Automatically associate the interactions with
functionalities.
Usability
42. Keep the traditional ways of interaction as the
main interaction mode.
Accessible
43. Provide gestures as an alternative for spatial and
navigational tasks. Examples include pinch ges-
ture.
Accessible
44. Provide speech as an alternative for text input
tasks.
Accessible
45. Give attention to the functionalities related to
events.
Usability
46. Incorporate phone numbers into SNS contacts. Usability
47. Generate or promote local events close to the SNS
user.
Usability
48. Support adaptation mechanisms in the interface of
the application.
Accessible
49. Adapt the display of content, so older adults can
be prompted to interact with individuals who may
benefit from direct communication.
Usability
50. Resurface or prioritize information as a means of
stimulating communication.
Accessibility
51. Adapt the interface to distinct older users’ profiles. Accessibility
52. Automatically upload photos associated with




53. Provide interaction around photos and support
combined media items which make use of photos
and audio.
Usability
54. Provide short clip sharing through the direct use
of the device’s camera.
Usability
55. Design features which enable reciprocity and
multi-use.
Usability
56. Support the transmission of hand-written mes-
sages as a type of media.
Accessibile
57. Provide a letter writing mode or look-and-feel for
sharing functionalities.
Accessible
58. Make the user interface act as a catalyst for acheiv-
ing user goals.
Usability
59. Include one feature in one interface. Usability
60. Make buttons clickable only – do not use drag and
drop.
Usability
61. Provide feedback in the application. Usability
62. Use colours that work together to provide contrast. Usability
63. Make the text legible in the application. Accessible
64. Have a flat navigation structure with navigation
on every page.
Usability
65. Avoid complex signing up and login panels. Usability
66. Limit features to the most popular in the applica-
tion.
Usability
67. Limit amount of steps to complete a task in the
application.
Usability
68. Go full screen, when the application is running. Usability
69. Provide access to useful information. Usability
70. Incorporate mechanism for asynchronous commu-
nication in the application.
Usability
71. Make the application easy to use. Usability
72. Make the app require less memory or cognitive
load.
Accessible
73. Incorporate stable features in the application. Accessible
74. Allow to book appointment with the doctor
through the application.
Usability
75. Incorporate a link in the application that re-directs




76. Incorporate a banking feature in the application. Usability
77. Incorporate a volunteer hub feature in the appli-
cation.
Usability
78. Incorporate a bulletin board feature in the appli-
cation.
Usability
79. Give warning on entering wrong password in the
application.
Usability
80. Incorporate a feature in the app that provides a
tip/quote of the day.
Usability
81. Incorporate a reminder feature in the application. Usability
82. Share the positive details of application users with
others.
Usability
83. Incorporate a feature in the application which in-
forms about family members activities through so-
cial media e.g., Facbeook.
Usability
84. Evolve the application based on older adults usage
patterns.
Usability
85. Track physical activity of older adults e.g., step
count, calories consumed, through the app.
Usability
86. Do not use the OLD word in the application. Usability
87. Support text based communication in the applica-
tion.
Usability
88. Provide reliable/verified information in the appli-
cation.
Usability
89. Incorporate a diary feature in the application. Usability
90. Incorporate an event planner / daily organizer fea-
ture in the application.
Usability
91. Provide voice enabled interaction in the applica-
tion.
Accessibile
92. Make the application work well even with low sig-
nals.
Accessible
93. Make the app easy to start/boot up. Accessible
94. Ensure that the application is not overwhelming. Accessible
95. Make the application enjoyable for older adults. Usability
96. Reduce nervousness and increase confidence of
older adults through the application.
Accessible











The use case diagram of the Golden Jubilants prototype social volunteering net-
work system developed as part of this research is shown in Figure G.1. This was
developed using the requirements extracted from the previous phases and presents
the potential use cases, actors, and the relationship between them. For instance,
an older adult is an actor who can sign up to execute a variety of functions such as
providing/receiving volunteer services. Similarly, a vetter can provide consultation
regarding the reliability of a particular user of the system.
Use Case Tables
Use case Tables were developed using the eight guidelines outlined by Kentworthy
in 1997. These are presented from Table G.1 to G.9.
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Figure G.1: Golden Jubilants Prototype- Use Case Diagram
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Use Case 1 - Register
Actor Older Adult
Basic Flow On a week day an older adult is feeling bored and
lonely. He/she reflects on the skills he/she has acquired
throughout the life time. He/she wants to utilize them
by joining a platform that makes this process easier for
him/her. Older Adult installs the app on his/her mobile
phone and start completing the profile by entering de-
tails. He/she then presses the register button to become
part of the system.
Alternative Flow 1 If older adult notices that the app is requesting permis-
sions to access a lot of information, then he/she may
avoid installing the app.
Alternative Flow 2 If older adult enter incorrect details during the registra-
tion, he/she will have to modify them upon error notifi-
cation by the system and then submit registration form
again.
Table G.1: Use Case 1
Use Case 2 - Login
Actor Older Adult
Basic Flow As a registered user, older adult might want to use the
system. In order to use the system, older adult will login
the system using the email and password.
Alternative Flow 1 If older adult enter incorrect details i.e. user name/e-
mail or password, he/she will have to modify them upon
error notification by the system and then press the log
in button again.
Table G.2: Use Case 2
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Use Case 3 - See Achievements
Actor Older Adult
Basic Flow After the older adult is successfully logged in the system,
he/she can view the achievements in the past. Older
adult will see a one line description along with graphs
showing the past 6 months accomplishments.
Alternative Flow 1 If older adult is a new user, then only a one line descrip-
tion motivating him/her to do volunteer activities. No
charts at this stage will be visible to older adults.
Table G.3: Use Case 3
Table G.4: Use Case 4 - Add Volunteer Opportunity
Use Case 4 - Add Volunteer Opportunity
Actor Older Adult
Basic Flow After an older adult is successfully logged in the
system, he/she can add personalized opportuni-
ties based on his/her preferences. The older adult
presses the add volunteer opportunity button and
adds the details in the pop up screen. The manda-
tory details include title and one line description.
After that, the older adult presses the submit but-
ton so that these can be added to the database.
Alternative Flow 1 If an older adult enters incorrect details whilst
adding the opportunity, he/she will have to mod-
ify them upon error notification by the system and
then press the submit button again.
Alternative Flow 2 If an older adult changes his/her mind or wants to
add more, then he/she simply can press the cancel
button to reach the home screen again.
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Use Case 5 - Browse Existing Opportunities
Actor Older Adult
Basic Flow The older adult looks at existing opportunities on the
home screen by tapping over existing opportunities tog-
gle button.
Alternative Flow 1 If older adult want to hide them (existing opportunities),
he/she will tap the same toggle button and they will hide
from the screen.
Table G.5: Use Case 5
Use Case 6 - Browse Testimonials
Actor Older Adult
Basic Flow The older adult can tap the testimonials tab to see or
hear or watch what the existing users of our system are
saying. Older adult will either read the testimonial or
play the videos of the users telling their stories.
Alternative Flow 1 If the older adult just want to read, then he/she can go
back by tapping the cancel button.
Table G.6: Use Case 6
Use Case 7 - Browse News
Actor Older Adult
Basic Flow The older adult can tap the News Room tab to watch
what the different types of new available on our system.
Older adult will also tap on the preferred type to watch
the news e.g. local, national or international.
Alternative Flow 1 If older adult can not access one type of news, he/she
can tap other types or go back to home page.
Alternative Flow 2 Older adult can also contact us to inform about the
problems he/she is facing with the system.
Table G.7: Use Case 7
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Use Case 8 - Add ToDo List
Actor Older Adult
Basic Flow If older adult is struggling with managing his/her daily
activities, he/she can tap the To Do List tab and start
adding their activities for the day. Older adult has to
just write the title and press the add button next to it.
This will add the activity in the database and will be
visible on the screen in chronological order.
Alternative Flow 1 If older adult enter incorrect details of activity e.g. ran-
dom numbers or illegal characters, then he/she will have
to modify the details upon error notification by the sys-
tem and then press the add button again.
Table G.8: Use Case 8
Use Case 9 - Delete Completed Tasks
Actor Older Adult
Basic Flow Once an older adult completes the activity, he/she can
just press the big X button next to the activity, which
will delete the activity from the database and remove
from the list on the screen.
Alternative Flow 1 If after pressing the delete button, older adult realizes
that he/she doesn’t want to delete the activity now, then
a prompt screen is shown. This prompt asks for confir-
mation. If older adult confirms at this stage, then its
irreversible.
Table G.9: Use Case 9
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Personas
Personas are a reliable and realistic representation of the key audience segments
of a particular project, product or a service (Usability.gov 2019b). I adapted the
guidelines of (Usability.gov 2019b) and (LeRouge et al. 2013) to create personas
from the data. Data collected from phases such as literature, interviews and sur-
veys was used. After collection of data, I condensed the research by identifying
specific characteristics. Brainstorming was done to organize personas into specific
groups. After that, I refined the personas by combining and prioritising them. I
made them realistic by developing appropriate descriptions of each personas back-
ground, needs, wants, values, fears, criteria for success. They represent different
type of users. The resulting personas for tech-savvy and non tech-savvy older
adults are shown in Figure G.2 and G.3. Multiple personas for older adults were
necessary, as the heterogeneity of this age group is often not taken into account
(Bobeth et al. 2012). I took inspiration from the study by (Wöckl et al. 2012),
but restricted myself to the scope of my work and produced only two personas
for older adults, tech-savvy and non-tech savvy older adults, to avoid confusion.





education: Graduate in Civil Engineering
occupation: Civil Engineer (Retired)
marital status: Single
I am a digital immigrant and would love to use intuitive and purposeful ap-
plications on my android phone.
Mr. Patrick is leading a healthy lifestyle and spends his retirement days by keeping himself busy. He helps his
brother at his farm a couple of days during a typical week. He likes to play golf, do swimming, visit
historical/monumental places and spends a weekend night out in a local pub to rewind. He also spends some-
time brushing on the skills he has attained during this lifetime using mobile applications e.g. measuring differ-
ent objects using an app. He would love to enhance his traveling and exercise experience through mobile ap-
plications. Miscellaneous interests of him include providing volunteer services to people living in the neigh-







Mobile applications focussed on key feature with
embedded short video tutorials on how to use. The
most important feature in a mobile app must related
to his interests only (e.g. civil engineering, volunteer-
ing, traveling, etc). Moreover, Limited number of
steps with no distractions (e.g. advertisements) to
accomplish a task is de nitely an add-on.
Needs
A universal undo feature.
Simplicity, clarity and privacy.
Embedded video tutorials for application.
Labelled Icons in the initial days.
By default zoomable (+/-) application.
Wants
Use metaphors and include relevant icons.
Do not include advertisements.
Concise Terms and Conditions section.
Do not use acronyms or short forms.
Include voice based interaction as an option.
Values
Private and reliable application.
Limited cognitive effort should be required to
learn the application.
The application should add to existing possibilities
e.g. an email instead of a letter.
Fears
Application Developers keep track of tiny bits of
information and sell it to third parties.
Fears forgetting to delete personal information.
from social networking apps.
Fears of forgetting passwords.








I am diagnosed with diabetes recently and would be happy to manage it from
home to avoid going to clinic several times a week.
Ms. Michelle has been diagnosed with diabetes recently. Her doctor has advised her to visit the clinic at least
twice during a week to get glucose level tested and renew diet plan. She says that this is really tiring and ex-
pensive. The doctor as well as her grandson have advised her that she can do the both things from home if she
starts using an app and Glucometer at home. He also gave her his old smartphone with a diabetes manage-
ment app installed on it. In order to avoid the hustle and save money, she agreed to start using an app which







A simple and easy to use mobile app that suggests
her what food to eat three times a day based on her
glucose level. The suggestions should be trust-
worthy. It should include videos of people who are
using the app and reaping its bene ts. In addition,
the app should allow to meet these people on a fort-
night or monthly basis.
Needs
Correct and reliable information about self-man-
aging diabetes.
Recommends recipes based on glucose level daily
and physical activity.
Information about her should be only seen by the
doctor strictly.
Wants
Testimonials of other older diabetic patients.
Improve awareness of potential seriousness of
diabetes complications.
Reduces fears and misconceptions of technology.
Include voice based interaction.
Values
The application should be super easy to use.
The information on the app about diabetes should
be trustworthy and accurate.
Fears
The app might recommend her wrong meal which
may cause sudden complications.
The app might sell her information to 3rd party.





education: Bachelor Degree in Computer Science
occupation: UX Researcher and Interaction Designer
marital status: Engaged | No children
I love the idea of silver economy, and I can't wait to contribute in it by devel-
oping mobile applications for baby boomers.
Sinead is passionate about designing things that empower people to become the best versions of themselves.
She uses human centred design methodologies as a vehicle for organisational change. She has recently been
assigned to a couple of projects related to catering social and healthcare needs of ageing population. Due to
growing competitiveness and a limited time to market, she cannot conduct a long user study and would love to







Complete the project within short duration and the
resultant mobile app should diffuse in the lifestyle of
older adults. A by-product she wants to achieve is
the validation of the research-derived guidelines
that whether they are really effective or not.
Needs
A one stop recommendation engine (web, mobile,
desktop) that advises on what and how to take the
design decisions for developing mobile apps for
the older adults.
Excellent User Experience.
Understand and give feedback on recommended
guidelines.
Wants
Older proof mobile applications by quickly under-
standing user expectations before taking any ma-
jor design decision in silos.
Test the usability and validity of the guidelines
proposed by the researchers.
Values
Empathise with the users.
Well rounded style guide.
Decisions backed up by user research.
Fears
Disappointing older adults by falling in the trap of
her assumptions and previous experience, result-
ing in off-the-shelf product.





education: Bachelors in Business Administration
occupation: Managing Director
marital status: Married with 2 children
I am a Managing Director at a retirement village and would like to enhance
the staying experience of residents using contemporary technology.
Joseph is quite concerned about the older adults residing in the retirement village regarding their habits such
as spending time alone in their rooms and sticking to radio and television only. He believes that the residents
are missing a lot by not making use of current technology like smartphones. He is interested to purchase sys-
tems or mobile apps that can improve the health and social life of older adults. He also want someone to come







An easy to use mobile application that helps older
adults to socialise and manage their health. It would
be great if the application can connect people with
similar interests or needs such as a volunteer hub.
Moreover, initial training session for older adults re-
garding the importance and how to use the would be
highly appreciated.
Needs
Get older adults started with using technology i.e.
smartphones.
Help older adults understand the advantages of
the technology.
Help older adults to track their health and social
life via latest technology e.g. Fitbit, apps etc.
Wants
Data of older users about the application usage
should be deleted at regular intervals to overcome
fears regarding privacy.
Fortnightly or monthly session by practitioners
with older adults to understand their experience
and any improvements they want.
Values
Data about older adults should not be shared with
third parties or used for other  nancial gains.
Continuous improvement and personalisation of
application based on user needs.
Fears
Excessive usage of application might lead older
adults spend longer hours outside the village,
which might back re the original purpose.
The feeling of good health based on reminders
shouldn't be replaced with General Practitioner
visits by older adults.
Figure G.5: Persona for Retirement Village Manager
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Pathways / User Journeys
After looking at personas, it was evident that different types of users might have
different objectives in using the Golden Jubilants prototype. This section depicts
the typical pathways or user journeys when the Golden Jubilants prototype, a
social volunteering network system is used by different stakeholders. An example
of a user journey or pathway for a volunteer services receiver is shown in Figure
G.6. The remaining pathways are presented from Figure G.7 to G.9.
Figure G.6: Volunteer Services Receiver Pathway
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Figure G.7: Volunteer Services Provider Pathway
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Figure G.8: Information Seeker Pathway
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Figure G.9: Daily Organizer Pathway
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Information Architecture
The information architecture diagram, shortly referred to as IA, for the Golden
Jubilants prototype, a social volunteering network system, is shown in Figure G.10
and G.11.
Figure G.10: Information Architecture of Golden Jubilants Prototype Part 1
Figure G.11: Information Architecture of Golden Jubilants Prototype Part 2
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Sketches
I developed low-fidelity sketches to get feedback during the execution of this re-
search. Figure G.12 illustrates the sketch of the Golden Jubilants prototype.
Figure G.12: Sketch for Registration Page
Wireframes
I developed high fidelity wire-frames for the Golden Jubilants prototype. Fig-
ure G.13 shows the wireframe for ‘Home Page’. The remaining wire-frames are
presented from Figure G.14 to G.19.
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Appendix
Figure G.13: Home Page Wireframe
Figure G.14: User Registration Wireframe
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Figure G.15: To Do List Wireframe
Figure G.16: News Room Wireframe
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Figure G.17: Friends Zone Wireframe
Figure G.18: See Achievements Wireframe
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Golden Jubilants Version 1 Interfaces Set
The graphical user interfaces (GUIs) of version 1 of the GoldenJubilants app are
depicted from Figure H.1 to Figure H.10.
Figure H.1: User Registration GUI - Part 1
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Figure H.2: User Registration GUI - Part 2
Figure H.3: Login GUI
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Figure H.4: Home Page GUI
Figure H.5: See Achievements GUI
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Figure H.6: Add Opportunities GUI
Figure H.7: Contact Older Adults GUI
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Figure H.8: Testimonials GUI
Figure H.9: News Room GUI
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Golden Jubilants Version 2 Interfaces Set
The Conversational user interfaces of version 2 of the GoldenJubilants app are
depicted from Figure I.1 to Figure I.6.
Figure I.1: Home Page CUI
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Figure I.2: Request Permissions CUI
Figure I.3: Request Data Access CUI
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Figure I.4: Entertainment CUI
Figure I.5: Usage Analytics - Users CUI
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Table J.1: Raw Recommendations Extracted through Prototype Development
Sr.
No.
Recommendation Description Main Cate-
gory
Interviews and Survey
1. Ensure increased privacy by default. More-
over, clarify, simplify and tailor privacy and
settings.
Usability
2. Avoid invasive functionality and emails. Usability
3. Clarify implications of functions to prevent
social blunders.
Usability
4. Reduce and moderate fake accounts. Usability
5. Avoid targeting specific age groups. Accessibility
6, Avoid pressurising techniques, reminders or
features.
Usability
7. Avoid games, apps and irrelevant functional-
ity.
Usability
8. Provide users control to see contacts which
they desire, delete content and account (if
desired).
Usability
9. Allow control over what emails the user
wishes to receive.
Usability
10. Allow partial anonymity if desired. Usability
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11. Allow categorization of contacts. Usability
12. Use a simple layout on the site. Usability
13. Remove uncessary content i.e. Reduce or
avoid advertisements.
Usability
14. Clarify if the site has a financial cost or is
free.
Usability
15. Reassure users that suitable security mea-
sures are in place.
Usability
16. Provide support to explain/help/guide users
through tasks.
Usability
17. Avoid unnecessary complexity when chang-
ing settings or completing tasks.
Usability
18. Avoid drastic and frequent changes to the
site.
Accessible
19. Avoid technical terminology. Usability
20. Avoid using ‘small print’ check-boxes for ad-
ditional services or information sharing.
Accessible
21. Follow accessibility guidelines. Accessible
22. Avoid similar designs to sites where people
hold negative assumptions.
Usability
23. Allow for mass distribution of messages. Usability
24. Allow for session, or ‘off-the-record’ private
messages.
Usability
25. Provide moderation/report functionality. Usability
26. Focus on a specific purpose. Usability
27. Ensure that the chat feature has a central
role in a SNS.
Usability
28. Create incentives for more direct communi-
cation in a SNS.
Usability
29. Make the direct forms of communication
should capable of capturing both the perma-
nence of asynchronous exchanges and inter-
activity of synchronous play.
Usability
30. Support or increase the visibility of video
chat features.
Usability
31. Avoid the creation of new social obligations. Usability
32. Design the SNS to better support the main-
tenance of family relationships.
Usability
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33. Support traditional forms of expressing fam-
ily engagement through the application.
Usability
34. Support or implement family related func-
tionalities.
Usability
35. Ensure that different genders are not treated
differently in the application.
Usability
36. Make group specific functionalities or group
specific options.
Usability
37. Simplify a features access focusing on fre-
quency of use.
Usability
38. Highlight acquaintances over ’new friends’
and provide appropriate terms when refer-
ring to individuals the user doesn’t know.
Usability
39. Provide options for avoiding friend sugges-
tions and unsolicited emails.
Usability
40. Adapt availability of modalities to each user
and make alternative modalities of interac-
tion non-instructional.
Accessible
41. Associate interactions automatically with
the functionalities in the application.
Usability
42. Keep traditional ways of interaction as the
main interaction mode.
Accessible
43. Provide gestures as an alternative for spatial
and navigational tasks. Examples include
pinch gesture.
Accessible
44. Provide speech as an alternative for text in-
put tasks.
Accessible
45. Give attention to the functionalities related
to events.
Usability
46. Incorporate phone numbers into SNS con-
tacts.
Usability
47. Generate or promote local events close to the
SNS user.
Usability
48. Support adaptation mechanisms in the inter-
face of the application.
Accessible
49. Adapt the display of content, so older adults
can be prompted to interact with individuals
who may benefit from direct communication.
Usability
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50. Resurface or prioritize information as a
means of stimulating communication.
Accessibility
51. Adapt the interface to distinct older users’
profiles.
Accessibility
52. Upload photos automatically associated with
events and family or make it easier for older
adults to share them.
Accessibility
53. Provide interaction around photos and sup-
port combined media items which make use
of photos and audio.
Usability
54. Provide short clip sharing through the direct
use of the device’s camera.
Usability
55. Enable reciprocity and multi-use features in
the application.
Usability
56. Support the transmission of hand-written
messages as a type of media.
Accessibile
57. Provide a letter writing mode or look-and-
feel for sharing functionalities.
Accessible
58. Make the user interface act as a catalyst in
the application.
Usability
59. Incorporate one feature in one interface of
the application.
Usability
60. Make buttons clickable only – do not use drag
and drop.
Usability
61. Provide feedback in the application. Usability
62. Make the colours that work together to pro-
vide contrast.
Usability
63. Make the text legible in the application. Accessible
64. Incorporate a flat navigation structure with
navigation on every page in the application.
Usability
65. Avoid complex signing up and login panels. Usability
66. Limit features to the most popular in the ap-
plication
Usability
67. Limit amount of steps to complete a task in
the application.
Usability
68. Go full screen, when the application is run-
ning.
Usability
69. Provide access to useful information. Usability
313
70. Incorporate mechanism for asynchronous
communication in the application.
Usability
71. Make the application easy to use. Usability
72. Make the app require less memory or cogni-
tive load.
Accessible
73. Incorporate stable features in the applica-
tion.
Accessible
74. Allow to book appointment with the doctor
through the application.
Usability
75. Incorporate a link in the application that re-
directs to favorite videos of older adults e.g.
how to do parenting.
Usability
76. Incorporate a banking feature in the applica-
tion.
Usability
77. Incorporate a volunteer hub feature in the
application.
Usability
78. Incorporate a bulletin board feature in the
application.
Usability
79. Give warning on entering wrong password in
the application.
Usability
80. Incorporate a feature in the app that pro-
vides a tip/quote of the day
Usability
81. Incorporate a reminder feature in the appli-
cation.
Usability
82. Share the positive details of application users
with others.
Usability
83. Incorporate a feature in the application
which informs about family members activi-
ties through social media e.g., Facbeook.
Usability
84. Evolve the application based on older adults
usage patterns.
Usability
85. Track physical activity of older adults e.g.,
step count, calories consumed, through the
app.
Usability
86. Do not use the OLD word in the application. Usability
87. Support text based communication in the ap-
plication.
Usability




89. Incorporate a diary feature in the applica-
tion.
Usability
90. Incorporate an event planner / daily orga-
nizer feature in the application.
Usability
91. Provide voice enabled interaction in the ap-
plication.
Accessibile
92. Make the application work well even with low
signals.
Accessible
93. Make the app easy to start/boot up. Accessible
94. Ensure that the application is not over-
whelming.
Accessible
95. Make the application enjoyable for older
adults..
Usability
96. Reduce nervousness and increase confidence
of older adults through the application.
Accessible
97. Cater for users with hearing problems
through the application.
Accessible
98. Cater for users with manual dexterity prob-
lems through the application.
Accessible
Design Thinking
1. Include vetting feature in the application (via
friends and family members).
Usability
2. Provide a feature to request volunteer ser-
vices.
Usability
3. Allow to view existing requests for volunteer
services.
Usability
4. Allow to add new volunteer services. Usability
5. Incorporate a daily routine planning feature
in the application.
Usability
6. Allow to give rating to the provider or re-
ceiver.
Usability
7. Add a feature that shows the achievements. Usability
8. Add a feature to assign badges or stars to the
users based on their usage of the application.
Usability
9. Allow voice enable interaction with the ap-
plication like Siri or Alexa.
Accessibility
10. Add testimonials of existing users. Usability




12. Add a feature to conduct group volunteering. Usability
13. Add a feature to track the users via GPS etc. Usability
14. Add a feature that allows to access local and
international news.
Usability
15. Connect the application with social media
profiles.
Usability
16. Allow users to edit the profile. Usability
17. Add multiple parameters to filter the volun-
teer services e.g. interests, specific location,
domain, etc.
Usability
18. Incorporate a Save Our Souls (SOS) feature. Usability
19. Grant physical rewards / certificates to the
user upon completion of certain services
through the application.
Usability
20. Incorporate a step counter feature in the ap-
plication.
Usability
21. Incorporate health tracking features in the
application.
Usability
22. Incorporate emotions/sentiment analysis in
the application.
Usability
23. Verify the identity of the users through ac-
cessing government services / database.
Usability
Usability Testing
1. Avoid scrolling in the application. Usability
2. Do not have a pre-specified range for input
controls in the application..
Usability
3. Use attractive and limited number of colours. Usability
4. Avoid using caricatures and include photos
that really depict older adults in a positive
outlook.
Usability
5. Enlarge the size of components within the
application.
Accessibility
6. Allow voice enabled interaction with the ap-
plication like Siri or Alexa.
Accessibility
7. Make the application easy to use. Usability
8. Incorporate a feature for active social engage-
ment in the application e.g. volunteer hub.
Usability
9. Incorporate a feature that increases aware-
ness of older adults e.g. information hub.
Usability
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10. Incorporate a feature that helps older adults
to keep track of and maintain their health
e.g. healthcare hub.
Usability
11. Verify or vet the users of the application. Usability
12. Allow older adults to manage their daily rou-
tine through using application.
Usability
13. Store the identifiable details of the users (i.e.
older adults) in an encrypted format.
Usability
14. Incorporate privacy and security regulations
within the application e.g. GDPR, EFF.
Usability
15. Keep complex features hidden from newbie
users.
Usability
16. Focus on active social engagement rather






from Think Aloud Protocol and
Digital Content Extraction
Raw Recommendations Extracted from Think Aloud
Protocol and Digital Content Extraction




Recommendation Description Main Cate-
gory
1. Focus on the key functionality in the appli-
cation.
Usability
2. Reward the older adults through the appli-
cation, as it motivates them.
Usability
3. Avoid a lot of extra features in the applica-
tion, as older users do not use them.
Usability
4. Require less time to use the application. Accessible
5. Avoid technical jargon in the application.
e.g., subscribe.
Usability




7. Incorporate a tutorial on how to use the sys-
tem/app for older adults.
Usability
8. Notify and explain the older adults in case of
any error in the application.
Usability
9. Support voice-enabled interaction in the ap-
plication, especially when the screen size is
small.
Accessible
10. Do not bombard older users with a lot of in-
formation in the application.
Usability
11. Do not have dodgy links in the application,
that directs older adults to a payment sec-
tion.
Usability
12. Present the breakdown of the information in
the form of pie charts and graphs in the ap-
plication.
Usability
13. Incorporate easy to remember passwords
mechanism to access the application.
Accessible
14. Support scrolling in the application, if neces-
sary.
Usability
15. Make sure that the processing time of the
application is less, as it annoys older adults
if there is a lot of waiting time.
Accessible
16. Make the application work fine with dry fin-
gers of older adults.
Accessible
17. Ensure that the application guides on how to
proceed (e.g. after selecting flights, etc).
Usability
18. Enlarge the size of the text/font in the ap-
plication, to cater for visual acuity.
Accessible
19. Do not necessitate or ask for logging
in through other systems like Facebook,
Google, etc.
Usability
20. Do not constraint the features of the appli-
cation in the mobile phones. Provide all the
functionalities as it has on a web version.
Usability
21. Do not add extra advertisements in the ap-
plication.
Usability
22. Do not include a lot of features in the appli-
cation.
Usability
23. Enlarge the size of images in the application. Usability
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24. Make the notification sound loud in the ap-
plication, as a beep would make the older
adult miss important things.
Accessible
25. Avoid technical jargon in the application. Usability
26. Avoid extra features in the application. Usability
27. Provide an option to clear the history of the
usage in the application.
Usability
28. Take care of the contrast in the application,
e.g., light background with dark font.
Accessible
29. Simplify things and avoid technical jargon in
the application.
Usability
30. Avoid symbols/icons that are not easy to un-
derstand in the application.
Accessible
31. Do not have a lot of features, only focus on
the key functionality.
Usability
32. Make the look and feel of the application
nice.
Usability
33. Avoid information overload in the applica-
tion.
Usability
34. Use engaging content in the application. Usability
35. Consider the behavior change theories when
developing applications for older adults.
Usability
36. Ensure that there is a perceived benefit for
older adults by using the system/app.
Usability
37. Avoid using caricatures and include photos
that really depict older adults in a positive
outlook.
Usability
38. Help older adults to connect with youngsters
in order to accomplish complex tasks (e.g.
through a button for calling, emailing, tex-
ting).
Usability
39. Make the application in such a way that it
overcomes the fear of failure of older adults.
Usability
40. Make the application useful for those older
adults, who do not know how to type.
Accessible
41. Make the application useful for older adults
with short and husky fingers.
Accessible
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42. Enhance the knowledge of the advantages of
technologies for older adults through the ap-
plication.
Usability
43. Provide correct, precise and accurate contact
details of the developers/owners e.g. phone
number, address, in the application.
Usability
44. Enlarge the text size used in the application
to cater for visual acuity.
Accessible
45. Help to locate the friends through the appli-
cation, e.g., when lost in a store.
Usability
46. Allow alternative modality to receive a call,
e.g., the mechanisms of a flip phone can be
used.
Accessible
47. Remove/hide the virtual keyboards in the
application.
Usability
48. Do not include the advertisements in the ap-
plication, as they annoy the older adults.
Usability
49. Make the mobile phone easy to charge, e.g.,
a cradle instead of a wire can be used.
Accessible
50. Incorporate built-in Internet in the mobile
phone, e.g., 4G LTE can be used.
Accessible
51. Do not record unnecessary information about
the older adults in the application.
Usability
52. Allow to create easy to remember passwords
instead of complex ones, change and recovery
mechanism in the application.
Usability
53. Do not ask for changing passwords in short
intervals of time in the application.
Usability
54. Make the application work well even with low
internet connection speed.
Accessible
55. Provide step by step instructions on how to
use different features in the application, e.g.,
drawing patterns game.
Usability
56. Enlarge the size of the hardware/phone/i-
pad.
Accessible
57. Incorporate unbreakable features in the ap-
plication.
Accessible
58. Make the application fun to use. Usability
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59. Make the application help to keep track of
the health, as it gives older adults content-
ment.
Usability
60. Make the system/app multi-modal e.g. web,
desktop, mobile, wearables (watch for men,
necklace chain for women, ring for both etc).
Accessible
61. Make the app or the mobile device economic
and inexpensive.
Usability
62. Make the hardware of system/app water-
proof.
Accessible
63. Answer personal questions via the applica-
tion, e.g., health related information, things
to do, etc.
Usability
64. Incorporate a recording feature in the appli-
cation to overcome memory loss problems,
e.g., where the older adult has parked the
car.
Accessible
65. Allow to stretch (through pinching, multi-
tapping) the words/pictures in the applica-
tion to increase their size for older adults suf-
fering from visual activity.
Accessible
66. Make the application fast to operate and it
should not halt or stop during use.
Accessible
67. Use warm and natural voice in the applica-
tion.
Accessible
68. Do not refer to other websites, but the appli-
cation should answers questions on its own.
Usability
69. Use audible sound in the application for peo-
ple with hearing problems.
Accessible
70. Do not store the cookies for applications. Usability
71. Complete the tasks as requested by older
adults in the application.
Usability
72. Ensure that the advertisements take less
space in the application.
Usability
73. Provide accurate contextual information
(e.g. in case of traffic accidents, obstruction
information, it should be from the lane in




74. Reward the users through the application
like bing does in terms of redeemable vouch-
ers.
Usability
75. Make the application easy to use. Usability
76. Ensure that the logo of the application do
not take a lot of space on the screen.
Usability
77. Make the application compatible with other
systems, e.g., it needs to be able to connect
non-apple apps with apple watch.
Usability
78. Allow to withdraw even minimum amounts
earned through the application.
Usability
79. Incorporate easy earning mechanisms in the
application. For example, the amount of
time to spend on app/system should be less
to earn money.
Usability
80. Make a legitimate application and do not use
services without permission.
Usability
81. Enlarge the virtual keyboards in the applica-
tion.
Accessible
82. Incorporate a feature in the application that
allows to earn money.
Usability
83. Identify the accurate diseases of older adults
based on symptoms.
Usability
84. Incorporate QWERTY keyboard in the ap-
plication (if necessary), not Dvorak or alpha-
betic order.
Accessible
85. Make the application consume less memory
in the mobile phone.
Accessible
86. Allow to backup/transfer data to another
mobile or computer through the application.
Usability
87. Make the download and installation time of
the application less.
Accessible
88. Make the application work on both mobile
and external network data.
Accessible
89. Provide truthful information through the ap-
plication (e.g., correct news).
Usability
90. Do not disturb or deteriorate older adults
emotions through the application.
Accessible
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91. Incorporate a feature in the application to
read bar codes (e.g., grocery, letters from
post details).
Usability
92. Allow to wipe/delete/destroy all the data
from everywhere (mobile phone as well as
servers) through the application.
Usability
93. Do not send text messages (promotional) to
older adults based on their Internet and/or
application use (e.g., if they have performed
some activity).
Usability
94. Do not ask for/require accessing sensitive in-
formation of older adults, e.g., device his-
tory, location, identify, for downloading and
installation of the application.
Usability
95. Provide links to resources which are working
in the application.
Usability
96. Make the application work fine on different
operating systems e.g., Android, iOS, Win-
dows.
Accessible
97. Make the application zoom-able for people
with visual acuity (e.g. Whatsapp cannot be
zoomed).
Accessible
98. Incorporate vertical scrolling in the applica-
tion, if necessary.
Usability
99. Make the application interesting for older
adults.
Usability
100. Ensure that the tutorials on how to use the
application are slow paced and not rushed.
Usability
101. Ensure that the usage of application consume
less battery.
Accessible
102. Ensure that the application takes less system
resources.
Accessible
103. Do not make the application overwhelm-
ing, e.g., taking control of human behaviors/
older adults lifestyles.
Usability
104. Ensure that the application do not cause any




105. Include an initial warning/ disclaimer on
long-term issues caused by using the appli-
cation (e.g. gaming apps) like in case of
cigarettes.
Usability
106. Do not store behavioral data of the older
adults (e.g., how many times someone has
checked the app, features used).
Usability
107. Ensure that the message/text used in the ap-
plication is honest and clear.
Usability
108. Do not include irrelevant functions in the ap-
plication.
Usability
109. Include directions/guidelines on how to use
the application.
Usability
110. Make the system/application connect to the
printers through Wifi.
Usability
111. Enable the mobile device to run different op-
erating systems such as iOS, Android like
mainstream computers.
Usability
112. Enable the charging of the system/device
through a cradle instead of conventional wire
to enhance longevity.
Accessible
113. Ensure that the application is uninstallable,
not like the apps that come with the operat-
ing system.
Accessible
114. Allow to increase font size in the application. Usability
115. Allow to choose preferred font family in the
application.
Usability
116. Allow to choose a preferred theme in the ap-
plication.
Usability
117. Make the user interface of the application
cool for older adults.
Usability
118. Incorporate a sticky note kind of reminder
feature for older adults with memory prob-
lems to call somebody if they face a problem
whilst using the application.
Usability
119. Ensure that the application recognizes and
perform efficiently with the older fingers
which are dry and rough.
Accessible
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120. Incorporate a setting in the application
which allows the screen to work for dry fin-
gers.
Accessible
121. Incorporate a simple and quick sign-up pro-
cess in the application.
Usability
122. Incorporate one feature on interface or one
question with a progress bar (gamification)
in the application.
Usability
123. Verify/vet the users (e.g., through an original
selfie) of the application.
Usability
124. Use precise and comprehend-able terms and
conditions in the application for older adults.
Accessibility
125. Show right keyboard at the right time (e.g.
numeric for phone, text for messages) in the
application.
Accessibility
126. Avoid animations and marquees in the appli-
cation.
Usability
127. Incorporate fraud protection features in the
application.
Usability
128. Make the swiping fast in the application. Accessibility
129. Incorporate video based tutorials in the ap-
plication.
Accessibility
130. Incorporate auto captioning for older users
with hearing problems in the application.
Usability
131. Do not have advertisements for the paid ver-
sion of the application.
Usability
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